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PREFACE. 



We are all children of one Father, whose Works it should 
be our delight to study. As the intelligent child, standing 
by his parent's knee, asks explanations alike of the most 
simple phenomena, and of the most profound problems ; so 
should man, turning to his Creator, continually ask for 
knowledge. 

The greatest philosophers have been those who have 
clung to the demonstrative sciences, and have held that 
a simple truth well ascertained, is greater than the most 
ingenious theory founded upon questionable premises. New- 
ton made more scientific revelations to mankind than any 
other philosopher ; his discoveries have borne the searching 
test of time, because he snatched at nothing, leaped over 
no chasm to establish a favourite dogma; but, by the 
slowest steps, and by regarding the merest trifles, as well 
as the highest phenomena, he learnt to read Nature cor- 
rectly. He discovered that her atoms of matter were letters, 
her blades of grass were words, her phenomena were sen- 
tences, and her complete volume a grand poem, teaching 
on every page the wisdom and the power of an Almighty 
Creator. 

When he observed an apple fall to the ground, he asked 
the "reason why;" and in answer to that inquiry, there 
came one of the grandest discoveries that has ever been, 
recorded upon the book of science. With that discovery 
a flood of light burst upon the human mind, illustrating 
in afar higher degree than had ever previously been con- 
-ceived, the vastness of Almighty Power. 

Every flower, every ray of light, every drop of dew, 
each flake of snow, the curling smoke, the lowering cloud, 
the bright sun, the pale moon, the twinkling stars, speak 
to us in eloquent language of the great Hand that made 
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IV PEEFACE. 

them. But millions lose the grand lesson which Nature 
teaches, because they can attach no meaning to what they 
see or hear. 

The questions which appear in the succeeding pages are 
such as naturally occur to every inquiring mind ; many of 
them are " every-day questions," frequently asked, but sel- 
dom answered satisfactorily, and, therefore, repeated again 
and again. No person can look through these pages with- 
out being reminded how frequently the same inquiry has 
occurred to him; every father can testify that children, 
from their earliest years, begin to ask the "reason why" 
for many things that are herein asked and explained. 

In the compilation of such a work as this, there is no 
difficulty in the remembrance of such questions as are com- 
monly heard, nor in the invention of such as, being less 
common, are necessary to the complete elucidation of a 
subject. The real, and the only difficulty, is to supply 
such answers as are clear, concise, and accurate; in fact, 
to satisfy the mind of the inquirer. 

For the thousands of interesting truths which this volume 
.contains, we are indebted to the labours of those great 
men who have devoted their lives to the solution of 
nature's problems, and have enabled us to give the " reason 
why" for many things upon which, but for their great 
genius and unremitting labours, we ourselves had remained 
in ignorance. Uninstructed by Newton and Huyghens, what 
could we have said upon the laws and properties of light P 

" Nature's resplendent robe 
Without whose vesting beauty all were wrapt 
In unessential gloom." 

We might easily have asked why the flower, the butterfly, 
or the bird, displayed such gorgeous hues ; but could we 
have answered that in the magic beam itself lay all the 
glories of the many-tinted world? Untaught by Harvey, 
what could we have written of those wonderful rivers in 
the human frame through which the vital fluid runs ? But 
for Wells, that earnest inquirer who, though sinking from 
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a delicate constitution, went forth by night, in storm 
or starlight, in warmth or frost, and patiently watched 
the deposition of dew, zealously pursuing his observations 
through a series of years, what could we have said of 
those interesting laws that bespangle leaves and flowers 
with cooling drops, when, after the heat of a summer's 
day, they droop, and appear to ask for drink ? We could 
have asked why the grass plot becomes wet with dew ? 
and why the gravel walk remains comparatively dry P This 
were easy ; but could we have told of those laws of radia- 
tion and condensation that fill the cup of the thirsty flower, 
but withhold the dew-drop from the lifeless stone ? 

To such learned and philanthropic men we are indebted 
for the philosophy of our "reasons:" men who gave to 
the world the great truths they had laboured to discover, 
and to the investigation of which they had devoted their 
lives, asking no other reward than that the knowledge 
they had gleaned might be freely communicated to man- 
kind. 

Among the various works that have aided the familiar 
exposition of science, " Gower's Scientific Phenomena of 
Domestic Life " is one of the most interesting. In " Dr. 
Lardner's Treatise upon Heat" he also has adopted, in 
many parts, the most simple mode of illustration ; and we 
beg specially to acknowledge the courtesy of Messrs. Long- 
man and Co., the publishers, for their permission to adopt 
many of the familiar illustrations of science included in 
the works referred to. We further attach a list of the 
authorities consulted in the compilation of "The Beason 
Why," and to express our obligations to the men of science 
and letters who have aided us in our labours. 

The volume having been carefully revised for the present 
edition, will retain its present arrangement, and will only 
undergo in future editions such verbal and statistical alte- 
rations as may be required to bring it up to the latest 
information upon scientific facts. 

London, 1858. 
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Thomson's, T., System of Chemistry. 

Baldwin. 
Thomson's, T., Outlines of Science, 
Heat, and Electricity. Baldwin. 
Thomson's R. D., Cyclopedia of Chem- 
istry. Longman db Co. 
Three Hundred Weather Predictions. 

Bogus. 
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INDEX, AND INDEX LESSONS. 



The numbers refer to the Questions, The Index Lessons do not 
correspond with the Cliapters, but are designed to bring together, in their 
alphabetical connection, all the Questions and Answers upon each particular 
subject included in the Work. 



LESSON I. 

Adds, what are they 700 

Acids, vegetable, whence are they 

obtained 1266 

Actinism, what effect has it on 

vegetation 94 

Actinic power of light, in what 

season of the year is it greatest 95 

Actinism, what is it 87 

Aerolites, &c, what is the cause of 235 
JSolian harp, how are its notes 

produced 34 

Air, why not so good a conductor 

of heat as water 559 

Air, impure, how purified ... 566 

Air, fresh, why does it impart a 

healthy glow 568 

Air in crowded cities, what is the 

influence of 569 

Air, why do poor and ill-fed people 

dislike fresh 578 

Air and smoke, why do they as- 
cend the chimney 596 

LESSON II. 

Air, why does it rush through 

crevice* of doors and windows . 597 
Air, what is the weight of, at the 

point of saturation 294 

Air, what is its relative weight to 

water 800 

Air, which is the heaviest, dry or 

vaporized 637 

Air, why is dry heavier than 

moist 638 

Air, is it a good conductor of 

sound 666 

Air-pistol (or pop-gun), why does 

pressure applied to the handle 

propel the cork 854 

Air repeatedly breathed, what 

effect has it on the animal 

system 789 

Air, why does fresh impart a 

healthy appearance 915 



LESSON ni. 

Air-pistol, why must the handle 
be drawn out before the cork is 
placed in 855 

Albumen, what is it 899 

Alkalies, what are they 701 

Amber, what is it 9 

Amber and wax, why are they 
classed among the non-conduc- 
tors of electricity 183 

Animals, wby do they dread fire 
although they like warmth ... 115 

Animal forms, why are there so 
many 1089 

Animal furs, why do they become 
thicker in whiter 1035 

Animals, why have carnivorous 
long-pointed teeth 1038 

Animals, why cannot flesh-eaters 
live upon vegetables 1071 

Animals with long necks, why 
have they large throats 1049 

LESSON IV. 

Animals, why can ruminating re- 
cover the food from their 
paunches 1089 

Animals, why can ruminating 
keep the chewed from the un- 
chewed food in their stomachs 1090 

Animals, why do the smaller aui- 
raals breed more abundantly 
than the larger ones 1094- 

Animals, domestic, why may 
change of weather be expected 
when they are restless 1107 

Animals, plants, and minerals, 
what are the differences be- 
tween them 114& 

Animals that graze, why do they 
crop the tender blades, but leave 
the tall grass 1287 

Animals, distribution of 1326 
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LESSON V. 

Arms and hands, why do we see 
blue marks upon them 898 

Arms and legs, why does it re- 
quire the influence of the will 
to set them in motion 947 

Arms and legs, why are they 
made subject to the will ... 949 

Arctic regions, why can people in 
the, converse at more than a 
mile apart 669 

Arterial blood, what is it 707 

Atmosphere, to what extent of 
variation is the weight of liable 642 

Atmosphere, still, why does it feel 
warm in summer 508 

Atmosphere, agitated with the 
wind, why cool 609 

Atmospheric vapours, what are 
the sources of 471 

Atmosphere, what is the 291 

Atmosphere, to what height does 
it extend 292 

Atmosphere, why does it not ex- 
. tend beyond the height sup- 
posed 293 

Atmospheric pressure, what is the 
amount of, at the earth's surface 294 

Atmospheric pressure, what is the 
•' total amount of, on the earth's 
surface 297 

Atmospheric gases, in what pro- 
portion are they found in the 
'blood 704 

LESSON VI. 

Atmospheric air, how does it sup- 
port life 787 

Atmosphere, what is the pressure 
of, on the human body 298 

Atmospheric pressure, why does 
, not a man feel it 299 

Atmosphere, what is the greatest 
height of, ever reached by 
human being 301 

Atmosphere, what is its condition 
at various altitudes 302 

Atmospheric pressure, how high 
will it raise water in a pump ... 306 

Atmospheric pressure, why will it 
raise water to a height of thirty 
feet 307 

Attraction, what is it 265 

Attraction, how many kinds of, 
are there 266 

Aurora borealis, what is the cause 
of 234 

Aurora australis, what is it ... 234 

Avalanches in miniature, how are 
they illustrated 334 

Axles of wheels, why do they 
become hot when not greased ... 153 

Axles, why do those of the front 
wheels become hotter than the 
hind ones 154 



LESSON VIL 

Balloons, why when filled with 
hydrogen do they ascend ... 739* 

Balloons, why do they ascend in 
air 830 

Balloons, why do they sometimes 
burst when they reach a high 
altitude 832 

Bananas, or plantains, where are 
they cultivated 1220 

Bark, Peruvian, where is it pro- 
duced 1228 

Barometer, what is it 631 

Barometer, why does it indicate 
the pressure of the atmosphere 632c 

Barometer, why is it also called a 
weather-glass 633 

Barometers, why are they con- 
structed with circular dials and 
indices 634 

Barometer dial, why does the 
hand of change its position as 
the mercury rises or falls ... 635- 

Barometer, why does tapping the 
face of sometimes cause the 
hand to move 636 

Barometer, why does the fall of 
denote the approach of rain ... 639 

Barometer, why does the rise of 
denote the approach of fine 
weather 640- 

Barometer, why does it enable us 
to calculate the height of moun- 
tains 641 

LESSON VIII. 

Barometer, when does it stand 
highest 64&> 

Barometer, what occasions the 
highest standing of 644 

Barometer, when does it stand 
lowest 645 

Barometer, what causes the lowest 
standing of 616- 

Barometer, what effect has heat 
on 647 

Barometer, what effect has cold 
on 648- 

Bat and ball, what principles of 
natural philosophy are illus- 
trated in the play 867 

Bats, why have they hooked claws 
in their wings 1079' 

Bats, why do they sleep during 
winter 1081 

Bats, why do they fly by night ... 1080- 

Bed-curtains, why injurious to 
health 661- 

Bed-curtains, what kind of air is 
imprisoned within them ... 562: 

Bed-curtains, why should beds 
with, be opened at the top ... 563 

Bees, why may we expect fine 
weather when bees wander far 
from their hives 1114 
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LESSON IX. 

Bees, why have they stings 

Beetles, why are they called 
"coleoptera" ... 

Beetles, why have they hard 
horny wins oases 1320 

Bells and glasses, why do they 
cease ringing when touched 
with the finger 657 

Bell, what gives a cracked bell a 
discordant sound 658 

Bile, why does it separate nutri- 
tious from innutritlous matter 884 

Birds, why are they covered with 
feathers 1030 

Birds, why have water-fowls 
feathers of a close smooth tex- 
ture 1033 

Birds, why does black down grow 
under their feathers on the ap- 
proach of winter 1086 

Birds, why have they hard beaks 1040 

•{Birds, why are their beaks gene- 
rally sharp and long 1041 

Birds, why are their bones hollow 1050 

Birds, why do they lay eggs ... 1051 

Birds, why have those with long 
legs short tails 1052 

Birds, why have aquatic, web-feet 1059 

Birds, why have those that dive 
and swim short legs 1060 

Birds, why have some deep rough 
notches on the under surfaces of 
their feet 1061 



LESSON X. 

•Birds, why have they gizzards ... 
.Birds of prey, why have they no 



, why may wet and thunder 
be expected when they cease to 
sinfc , 

Birds of passage, why if, arrive 
early may severe weather be ex- 
pected 

Birds, geological distribution of... 

Birds, tamene88 of in unfre- 
quented countries 

'Birds, why are birds of song not 
also remarkable as birds of 
plumage 

Birds, what are the velocities of 
their nights 

Birds, what is the cause of their 
migrations 

tfitood, what is the constitution of 
the 

Blood, what quantity does the 
human body contain 

Blood, how frequently does the 
whole quantity pass through the 
system 

Bodies light and rarefied, why do 
they ascend 

Bodies heavier than the air, why 
;do they fall to the earth 



1072 
1084 

1121 

1123 
1326 

1327 

1328 
1329 
1330 
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LESSON XI. 

Bodies lighter than the air, why 

do they ascend 268 

Bodies falling to the earth, what 

determines their force 283 

Boilers, why do they sometimes 

burst 807 

Bones, how many are there in the 

human body 923 

Bones, of what substance are they 

composed 924 

Bones, what are the uses of the ... 925 
Bones, why are those of the back 

hollowed out 927 

Bones, why are those of the skull 

arched 930 

Bones, why are those of the skull 

divided by small sutures ... 931 
Bones, why are they hollow ... 934 
Bones, why are those of the arms 

and legs formed into long shafts 935 
Bones, why are those of the feet 

and hands numerous and small 936 

Botanical geography 1208 

Bow, why does it propel the ar- 
row ..: ... ... 847 

Bow and arrow, what line does 

the arrow describe 848 

Bow and arrow, why are there 

feathers at the ends of arrows... 850 
Bow and arrow, what forces tend 

to arrest the arrow 849 

Brain, why is it placed within the 

skull 926 

LESSON XH. 

Bread-fruit trees, where are they 
natives of 1223 

Breathing, why do we pause after 
each expiration 564 

Breathing air which has once been 
breathed, why injurious ... 565 

Breathing quickly, why does it not 
increase the heat of our bodies 577 

Broths and syrups, why do they 
become stronger by boiling ... 531 

Bubbles, why nest formed with 
the aid of soap 585 

Bubbles, why are they round ... 825 

Bubbles, why are they elongated 
when being blown 826 

Bubbles, why do they close and 
become perfect spheres when ' 
shaken from the pipe 827 

Bubbles, why do they change 
their colours in the sunshine ... 828 

Bubbles, why do they burst ... 829 

Burning and supporting combus- 
tion, what is the difference between 710 

Burning wood, why does it snap 
and throw out sparks 806 

Burnt substances, are they anni- 
hilated in the burning 765 

Butter, why does it become warm 
when it changes from a fluid into- 
a solid.... 140 
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LESSON XIII. 

Butterflies why do they lay their 
eggs upon cabbage leaves ... 1099 

Butterflies' eggs, why do they lie 
dormant in the winter 1288 

Butterflies, why do they fly by 
day 1296 

Caloric, what is it 108 

Caloric latent, what is it 110 

Caloric and heat, why are these 
terms applied to heat 109 

Caloric, what are the principal 
uses of Ill 

Calorie, is it produced by combus- 
tion or burning 116 

Caloric, how is it produced by per- 
cussion 117 

Caloric, why is it produced by 
friction 128 

Caloric, how can it be disengaged 
by electricity or galvanism ... ISO 

Caloric, why is it produced by 
chemical mixture 131 

Caloric, what is that existing in 
bodies usually called 132 

Caloric of fluidity, why so called... 133 

Caloric free, why so called ... 134 

Caloric latent aud caloric free, can 
they exist in a body at the same 
time 135 

Caloric latent, what substances 
contain 136 

LESSON XIV. 

Caloric latent, do all substances 
contain the same amount of ... 137 

Caloric, what is meant by the term 
"capacity for" 138 

Caloric, is the capacity for usurp- 
ing, the same in the same bodies 139 

Caloric, what are the effects of 
upon bodies •" ... 141 

Caloric, how does it act upon hard 
bodies to convert them into 
fluids 142 

Caloric, why has it been called a 
repulsive agent 149 

Caloric, what is the chief source 
of 151 

Calves and lambs, why have they 
no horns 1069 

Camel, why has itB stomach a" 
number of distinct bags 1065 

Calms, why is there a prevalence 
of, at the Equator 323 

Candle-flame, why do the currents 
of air from ascend 781 

Candle-flame, what do the move- 
ments of air around illustrate ... 782 

Candle-flame, why do rays of light 
from proceed in every direction 783 

Candle-flame, why do shadows 
interposed between it and the 
wall appear very large .« ... 764 



LESSON XV. 

Candle-flame, why are rays of, 
falling on a polished candlestick 
reflected 785 

Candle-flame, how are the various 
phenomena of illustrated ... 786 

Candle under an inverted glass, 
why will it soon cease to burn... 723 

Candles made of tallow, why do 
they require snuffing 771 

Candles made of wax, why do they 
not require snuffing 772 

Candlewiok. why is a thinner one 
required for wax than tallow ... 773 

Candle* flame, why does a pale 
light envelope it 774 

Candle-flame, how may its pale 
fringe be rendered more visible 775 

Candle-flame, why is there a lu- 
minous flame within the pale 
fringe 776 

Candle-flame, why does its centre 
appear like a dark cone 777 

Candle-flame, why has its lower 
portion a blue colour 778 

Candle-flame, why does its light 
diminish as the snuff increases 779 

Candle-flame, why do currents of 
cold air flow towards it 780 

Candle, why is it necessary to ap- 
ply a flame to light it 767 

Candle, why does its light im- 
prove after a time 768 

LESSON XVI. 

Candle, why does tallow ascend 
the wick 769 

Candle, why does its wick turn 
black 770 

Capillary blood-vessels, why sre 
they found in every part of the 
system 919 

Carbon o? the blood, whence de- 
rived 572 

Carbon, what is it 715 

Carbon, what is its use in the 
vegetable kingdom 718 

Carbon, what is its use in the 
animal kingdom 719 

Carbonic acid gas, why is it so 
called 687 

Carbonic acid gas, what propor- 
tions of oxygen and carbon does 
it contain 720 

Carbonic acid gas, why does it 
prove fatal to life 721 

Carbonic acid, in what state does 
it exist in nature 722 

Carbonic acid gas, why does it ac- 
cumulate on the floors of »placea 
where it is in excess 724 

Carbonic acid gas, why is it pro- 
duced during fermentation ... 787 

Carbonic acid gas, produced by 
combustion, what becomes of it 753 
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LESSON XVIL 

Carbonic acid gas, what propor- 
tion of is dangerous to life ... 764 

Cats, Ac., why do they see in the 
dark 931 

Cats. Ac, why have they whiskers 1096 

Cattle, why if they run round in 
meadows may thunder be ex- 
pected 1122 

Caterpillars, why do they appear 
in the spring 1289 

Caterpillars, why do they eat vo- 
raciously 1290 

Caterpillars, why do they pass into 
the state of the chrysalis ... 1291 

Cave in summer, why does it feel 
cold 

Cave in winter, why does it feel 
warm 

Charcoal, is it a simple or com- 
pound substance 

Charcoal burning, why do acci- 
dents often result from it 

Chimney-pots, why set upon 
chimneys 

Chimneys, why do they smoke 
when fires are first lighted 

Chimney smoking, how prevented 

Chimney smoking, why may the 
open window be closed 

Chimney smoking, why will not 
an open door answer as well as 
the window 



640 
641 



717 
780 
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LESSON XVIII. 



Chimneys, why do they smoke in 
gusty weather 604 

Chicory, what is it 1196 

Chocolate, what is it 1194 

Church-clocks, why is their strik- 
ing more clearly heard at some 
times than others 669 

Cider, perry, champagne, Ac., why 
do they sparkle and effervesce 736 

Cinnamon, where is it produced... 1239 

Circulation, why are the venous 
blood and chyle sent to the 
lungs 887 

Circulation, what becomes of the 
matter collected by the blood ... 901 

Circulation, how is the blood pro- 
pelled through the arteries ... 916 

Circulation, why are the capillary 
vessels capable of receiving the 
quantity of blood sent through 
the larger vessels 917 

Circulation, what is the course of 
the arterial blood 888 

Circulation, why does the blood 
impart vitality 891 

Circulation, how do we know the 
blood is alive 892 

Circulation, why does the blood 
circulate 893 

Circulation, how is the body 
renewed by the blood S94 



LESSON XIX. 

Circulation, how does the blood 
return to the lungs after it has 
reached the extremities 896 

Circulation, why are the veins 
more perceptible than the 
arteries 697 

Circulation, why when we prick 
the flesh does it bleed 898 

Circulation, what occurs during 
the 899 

Cleanliness, why does it promote 
health 1016 

Clocks and watohes, why are they 
affected by the temperature ... 143 

Clothes, how do they conduce to 
preserve the heat of our bodies 791 

Clothes, how do they prevent the 
heat of our bodies escaping ... 792 

Clothing, why do furs, down, Ac., 
afford the warmest 793 

Clouds, what are they 470 

Clouds, why do they present varied 
appearances 482 

Clouds, what are the names and 
definitions of 483 

Clouds, cirrus, why so called . . . 484 

Clouds, cirrus, what are the pecu- 
liarities of 486 

Clouds, cumulus, why so called ... 486 

Clouds, oumulus, what are the 
peculiarities of 487 

Clouds, stratus, why so called ... 488 

LESSON XX. 

Clouds, stratus, what are the pecu- 
liarities of 489 

Clouds, cirro-cumulus, why so 
called 490 

Clouds, cirro-cumulus, what are 
the peculiarities of 49 1 

Clouds, cirro-stratus, why so 
called 492 

Clouds, cirro-stratus, what are the 
peculiarities of 493 

Clouds, cumulo-stratus, why so 
called 494 

Clouds, cumulo-stratus, what are 
the peculiarities of 495 

Clouds, nimbus, why so called ... 496 

Clouds, nimbus, what are the 
peculiarities of 497 

Clouds, why do they appear to 
rise, fall, and revolve 498 

Clouds, why do they seem to 
emit rain when no rain is falling 499 

Clouds, why do they gather and 
darken the sky before rain ... 500 

Clouds, why do they frequently 
threaten rain for several days 
before a fall of rain 501 

Clouds, why do different, become 
charged with opposite electrici- 
ties 199 

Clouds, why, when electrified, do 
they approach each other ... 200 
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LESSON XXL 

Clouds, why do they sometimes 
approach each other from op- 
posite directions 271 

Clouds, why do they gather 
around mountain tops 275 

Cloves, where are they produced 1281 

Cockles, why have tney stiff 
muscular tongues 1087 

Cocoa, what is it 1195 

Cocoa, what tree produces it ... 1221 

Coffee, what is it 1193 

Coffee, where is it cultivated ... 1224 

Cold, why do we realise the sensa- 
tion of 113 

Cold, what is it 794 

Colours, why are there so many 
in the various objects of nature 33 

Colour, why is a substance red, 
according to Newton's theory ... 85 

Colour, why is a substance red, 
according to Huyghens's theory 86 

Colour, why is a substance yellow, 
according to Newton 37 

Colour, why is a substance yellow, 
according to Huyghens 38 

Colour, why is a substance blue, 
according to Huyghens 89 

Colour, why is a substance white, 
according to Newton 40 

Colour, why is a substance white, 
according to Huyghens 41 

Colour, why is a substance black, 
according to Newton 42 

LESSON XXIL 

Colour, why is a substance black, 
according to Huyghens 43 

Colours, why do they fade or 
darken when exposed to the 
sun 89 

Cooler of porous earthenware, 
why if placed in the sun will 
the water become still colder ... 124 

Combustion, does it produce any 
other result besides the union 
of oxygen and carbon 714 

Combustion, what is it 744 

Combustion, whence comes the 
light produced by 745 

Combustion, what effects are 
generally produced by the pro- 
cess of 746 

Cork, what is it 1271 

Cork-tree, why does it shed its 
own bark 1272 

Corns, why when they ache may 
rain be expected 1115 

Corn, why does the young ear 
come up enfolded in two leaves 1167 

Cotton, what is it 1199 

Cough, why do we 1023 

Crickets, why do they make a 
chirping noise 1126 

Cross-bills, why do their mandi- 
bles overlap each other 1136 



LESSON XXIEL 

Crystals of hoar-frost, why more 

interesting than others 464 

Crystals of hoar-frost, why do 

they resemble those of snow ... 465 
Crystalline forms, why do they 

form in frozen water 463 

Cup inverted, does it prevent the 

juice of the pie from boiling 

over 528 

Cup inverted in pie, why generally 

full of juice ... .. 529 

Cup inverted, why does it render 

the pie more juicy 530 

Dates, what are they produced by 1221 

Deaf persons, how has music been 
known to give them pleasure ... 672 

Death watch, why does it make a 
ticking noise 1301 

Decanter of cold water, why does 
it become clouded with moisture 481 

Dew, what is it 421 

Dew, what causes the condensa- 
tion of the vapour which forms 
it 422 

Dew, why does it saturate some 
bodies more than others 428 

Dew, why is more formed during 
some nights than others ... 424 

Dew, is it the cause or effect of 
cold 425 

Dew, does its formation cool or 
warm the air 426 

LESSON XXIV. 

Dew, upon what substances does 
it form most freely 427 

Dew, upon what substances does 
it form least freely 428 

Dew, how is its formation affected 
by rough and smooth surfaces. . . 429 

Dew, why is so little formed at 
sea 432 

Dew, why is so little formed on 
windy nights 433 

Dew, why do gentle breezes favour 
its formation 434 

Dew, why are calm nights unfa- 
vourable to its formation ... 435 

Dew, why are clear starlight nights 
favourable to its formation ... 436 

Dew, why is there little or none 
formed when clouds are dense 
and low 439 

Dew, why is it increased when the 
clouds are high 440 

Dew, why does it wet the grass 
and leave the gravel walk dry . . . 444 

Dew, why would it wet gravel 
placed on a bed of grass 445 

Dew, why will more form on shav- 
ings than on blocks of wood ... 446 

Dew, why is more received by 
elevated than lower bodies ... -447 
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LESSON XXV. 

Dew, why is the opinion that it is 
• caused by moisture from the 
ground abandoned 448 

Dew, why does it often wet grass 
and shrubs, and leave trees dry. 449 

Dews, why do they form most 
heavily in valleys and sheltered 
places 450 

Dew, does the fluid from the leaves 
of plants aid its formation ... 451 

Dew, why seldom and slightly pro- 
duced in cities ... 452 

Dew, why formed most plentifully 
in spring and autumn 453 

Dew, why formed most abundantly 
on clear nights succeeded by 
foggy mornings 454 

Dew, why are the hours between 
midnight and sunrise most fa- 
vourable to its formation ... 455 

Dew, why does it form rapidly on 
a clear morning after a cloudy 
night 456 

Dew, why does it form into round 
drops upon the leaves of plants. 286 

Dew, what is a familiar illustra- 
tion of 334 

Dyes, vegetable, what are they ... 1259 

Digestion, why does food now 
more freely to the stomach 
during 879 

Digestion, why does excess in eat- 
ing impair 880 

LESSON XXVI. 

Digestion, what changes occur to 
food in the stomach 881 

Digestion, what causes bilious at- 
tacks 882 

Digestion, how is the nutritious 
matter taken from that which is 
innutritious 885 

Digestion, what becomes of the 
nutrition when it enters into the 
circulation 886 

Bogs, geographical distribution of 1333 

Draughts, why do they sweep 
• across apartments towards the 
fire 170 

Dream, why do we 1020 

Ducks and geese, why do they 

. dash water over their backs on 
the approach of rain 1105 

Ducks and geese, why have they 
square pointed bills 1044 

Dust, why do clouds of indicate 
coming rain 503 

Earth, the, how can it be weighed 277 
Earth, what is the weight of the 281 
Earthenware vessels, why are 

porous used for cooliDg water ... 123 
Earth-worms, why have they no 

feet 1085 



LESSON XXVIL 

Eau-de-Cologne, why does it re- 
lieve feverish head-aches ... 121 

Eels, why are their eyes covered 
with a transparent horny coat... 1130- 

Ear, why is it spread out exter- 
nally 984 

Ears, why do hairs grow across 
them 986 

Ears, why is wax secreted in the 987 

Ears, why do singing noises occur 
in the 988 

Ears, why do people become deaf 989 

Ears, why do people accustomed 
to loud noises feel no inconve- 
nience from them 990 

Ears of animals of prey, why do 
they bend forward 1063 

Ears of animals of flight, why do 
they bend backward 1064 

Ear-trumpets, why do they assist 
hearing 673. 

Earwig, why is it so called ... 986 

Echoes, what are they 675 

Echoes, why do some occur im- 
mediately after a sound 676> 

Echoes, why do some occur a long 
while after a sound 677 

Echoes, why do some change the 
tone and quality of sound ... 678. 

Echoes, why sometimes do several 
answer one sound 679 

Echoes, remarkable, which are the 
most 682. 

LESSON XXVIII. 

Electric-sparks, what is the cause 
of 185- 

Electric light, what produces the 186 

Electric storms, why do they 
purify the air 193- 

Electric discharge, how may the 
distance at which it takes place 
be calculated 209 

Electric storm, why is the middle 
part of a house safest during ... 217* 

Electric storm, why is the middle 
of a room the safest place 
during 218 

Electric storm, why is a hearth- 
rug or mattress a protection 
during 219> 

Electric storm, why is it danger- 
ous to approach the fire-place 
during 220- 

Electric storm, why is it danger- 
ous to approach a window 
during 221 

Electric storm, why should a per- 
son riding in a carriage during 
sit upright 222 

Electric wires, why are they sus- 
pended on posts 262 

Electric wires, why are they 
passed through nobs of earthen- 
ware or glass at the posts ... 263 
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LESSON XXIX. 

Electric wires, why when laid 
under ground or through water 
are they coated with gutta 
percha 

Electrical phenomena of nature, 
upon what do they depend 

Electrioal currents, how may they 
be illustrated .;. 



264 

178 

218 
7 
8 

173 
174 
175 
176 



177 
179 

180 

~«v, nu at substances are 

conductors of 181 

Electricity, what substances are 
non-conductors of 182 

Electricity in the clouds, what 
developesit 188 

Electricity, why do certain pheno- 
mena produce it 189 

LESSON T*X 



Electricity, whydoesitaccumulate 
in the clouds 

Electricity, why does noise follow 
the commotion caused by 

Electricity, whateffect is produced 
when it meets with opposition 
in seeking its equilibrium 

Electricity frictional, electricity 
Voltaic, Galvanism, and Mag- 
netism, what are the differences 
between 

Electricity, at what rate* does it 

travel 

... 



Electricity, what becomes of that 
which passes along the wires ... 

Electricity, what becomes of it 
when it passes to the earth ... 

Electricity, what occurs as it 
passes along the wires 

Electricity, what is its velocity 
when transmitted along the 
▼ires 



198 
213 

184 

241 
246 
247 
254 
255 

256 
257 
258 
259 

261 



lesson xxxr. 

Electrum, how did it suggest the 
property of attractive force ... 10> 

Element, which is the most abun- 
dant in nature 612 

Elephant, why has it a short un- 
bending neck I07fr 

Elephant, why has it a trunk ... 1077 

Elephant's hind legs, why do they 
bend forward 107S 

Elevated objects, when is it 
dangerous to stand near 23S 

Endogenous stems, what are they 1280 

Endogenous stems, why do they 
abound in tropical climates ... 1281 

Endogenous stems, why have they 
no bark 1282 

Endogenous stems, why do they 
grow to a great height 1288 

Ether, do theories of light admit 
of its existence in a state of vi- 
bration 48 

Etna, what are the botanical 
regions of Mount 1240 

Evaporation, what are the sources 
of 477 

Evaporation, why not so rapid in 
a calm as in a breeze 504 

Evaporation, in what seasons of the 
year does it chiefly occur ... 358- 

Evaporation, why comparatively 
greater in spring and summer . . . 85$ 

LESSON XXXII. 

Evaporation, why does it pro- 
duce cold llfr 

Exercise, why does it promote 
health 101G 

Exercise, why does it make us 
feel warm 839 

Exercise, why does it increase the 
heat of the body ..* 576 

Exogenous stems, what are they... 1279 

Eye-balls, why are they white ... 911 

Eye-balls, why do they sometimes 
become blood-shot 912 

Eyes, why are they placed in the 
sockets of the skull 929 

Eyes, why are we able to move 
them 965 

Eye, why does the pupil look 
black 968 

Eye, why is the pupil larger some- 
times than at others 969 

Eyes, why have wo two 971 

Eyes, why, having two, do we see 
singly 970 

Eyes, why are they provided with 
eyelids 972 

Eye-lids, why are they fringed 
with eye-lashes 97S 

Eyes, whence are their luminary 
derived 976 

Eyes, why do we feel inconve- 
nienced by suddeu light 978 
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LESSON XXXIII. 

Eyes, why if we look upon a 
bright object and turn away are 
we unable to see 979 

Eyes, why are we able to see 
after a little while 960 

Eyes, why do cats, bats, owls, Ac., 
see in the dark 981 

Fair-complexion, why does it be- 
come freckled in summertime 196 

Fan, what would be its effect if 
the air were hotter than the 
body 614 

Fan, why does it produce a sensa- 
tion of coolness 513 

Fatigue, why do we feel 1017 

Feather, why does it fall to the 
earth more gradually than a 
shilling 284 

Feeling, why do persons whose 
legs or arms have been ampu- 
tated, for some time continue to 
feel the part that has been re- 
moved 1008 

Fibrin, what is it 899 

Figures seen through the hot air, 
why are they distorted and tre- 
mulous 350 

Fingers, why can we raise them... 943 

Fingers, why can we draw them 
back after they have been raised 94a 

LESSON XXXIV. 

Fire, why does it burn brighter 
when blown by the bellows ... 692 

Fire, why does it give out such a 
continuous heat 747 

Fish, why have they generally 
dark backs and white bellies ... 105 

Fishes, why have they fins ... 1053 

Fishes, why are their fins propor- 
tionately so much smaller than 
the wings of birds 1054 

Fishes, why have they scales ... 1055 

Fishes, why do they float in 
streams, with their heads to- 
wards the current 1056 

Fishes, why have they air-bladders 1057 

Fishes, why do not their eyes con- 
tract 1129 

Fishes, why have they no eye-lids 1132 

Fishes, why have they the power 
of giving their eye-balls a sud- 
den motion 1133 

Fishes, why are their tails so much 
larger than their fins 1137 

Flannel next the skiu, why warm 
and cool according to climate ... 512 

Flannel, why does it preserve ice 
from melting 524 

Flesh, why does it heal when we 
cut it 902 

Flesh-eaters, why do they satisiy 
themselves with a rapid meal ... 1092 



LESSON XXXV. 

Flesh, why do the marks of deep 
cutsremaiu 905* 

Flesh, why does that under the 
nails look red 907 

Flies, why can they walk on the 
ceiling 314 

Flies, why have they fine hairs 
growing on the extremities of 
their legs 110* 

Flint and steel, why does their 
collision produce sparks 125 

Flint and steel, why are the 
sparks produced by an instan- 
taneous blow 120 

Floating bodies, why do the 
smaller move towards the 
larger 274 

Flowers, fruits, &c why have 
those in tropical climates the 
richest colours 103 

Flowers, why may wet weather be 
expected when their perfume is 
strong 1103 

Flowers, why if certain close may 
rain be expected 1116 

Flying-top, why does it rise on 
the air 843 

Flying-top, why does it return to 
the earth when its rotations are 
expended 844 

LESSON XXXVI. 

Fogs, why are they unfavourable 
to the formation of dew 442 

Foggy nights, why do they some- 
times give the appearance of 
heavy formations of dew ... 443 

Fogs, what are they 466 

Fogs, why generally dark and sti- 
fling 467 

Fog, why most frequent in spring 
and autumn 468 

Fogs, why sometimes called dry... 460 

Food, why do we eat it 869 

Food, why do we masticate it 871 

Food, how does it descend into 
the stomach 875 

Food, why do we not feel it 
being transmitted through the 
throat 876 

Food, why do we feel uneasy after 
eating to excess 877 

Food, why do we feel drowsy after 
eating heartily 87& 

Food, why do some portions nou- 
rish us, while other portions are 
useless 88S 

Forests, why do they sometimes 
take fire 128> 

Freezing of pumps, why does 
straw prevent it 799 

Frost crystals, what causes them 
upon windows 542 
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LESSON XXXVII. 
Frost crystals, why more fre- 
quently in bed-rooms than other 

apartments 643 

Frost crystals, why do theydisap- 

„,pear ~, 544 

Frost crystals, why does heat dis- 
solve them 545 

Frost, why does it benefit soil ... 418 
Fruit, why do gooseberries, plums, 

&c, taste acid H84 

Fruit, why does ripe taste sweet, 

and unripe sour uss 

Fruits, why are succulent most 

abundant in tropical climates ... 1207 
Fruits and vegetables, why do they 
ripen in succession 1284 

Galvanism, what is it 239 

Galvanism and Voltaism, what are 

they 241 

Gases, what are they "." '." 6S3 
Gases, why may they be obtained 

from solid bodies 684 

Gases, why are they called hydro- 
gen, oxygen, carbonic, Ac. ... 686 
Gas, why does it expend in thin air 833 
Gas, explosion of, how prevented 768 
Gas m the air, what proportion of 

maybe recognised by the smell 761 
Gas used to illuminate the streets, 

is it hydrogen 750 

Geology, what has been its influ- 
ence upon botanical geography 1249 
diraffes, why have theysmall heads 1322 

LESSON XXXVIII. 

Giraffes, why have they long necks 1323 

Giraffes, why are their nostrils 
narrow and small, and studded 
with hairs 1325 

Glasses and decanters, why dulled 
with moisture in warm rooms ... 592 

Glass, though an indifferent con- 
ductor, why does it feel cold ... 515 

Glasses, why do they crack if sud- 
denly heated 145 

Glasses, cut, why are they more 
liable to crack with heat than 

Cm ones 146 
held before a fire, why does 
it keep off the heat but transmit 
kght 795 

Glass, why does the heat of the 
suu pass through more readily 
than the heat of the fire 796 

Glowworms, why have they abrush 
attached to their tails 1127 

Glowworms, why do theyemit light 1128 

Gnats, why are their larvae and 
pupsB found in water 1814 

Gnats, why may fine weather be 
expected if they fly in large 
numbers 1110 

Grasses, why are they so widely 
diffused throughout nature ... 1166 



LESSON XXXIX. 

Grasshoppers, why are they com- 
paratively active in their pupa 



---„- ... ... ... ...1293 

Grease, or oil, why is it applied to 

surfaces that undergo friction 155 
Grotto del Cano, why do dogs that 

enter it drop down dead ... 727 

Grotto del Cano, why may men 

enter it without feeling the 

effects of the poisonous gas ... 728 
Guano, why is it a good manure... 1262 
Gum resins, what are they ... 1255 

Gums vegetable, what are they ... 1254 

Hail, what is it 407 

Haloes, what are they 345 

Haloes, why do they foretell rain 346 
Haloes, why do large indicate a 
speedier approach of rain than 

small ones 347 

Hair, why do they grow across 

the passages of the nostrils ... 993 
Hands, why when we hold them 
against the candle do we per- 
ceive a crimson colour 906 

Head, why is it set upon the 

neck 928 

Hear, why do we 983 

Heart, why does it beat without 

any effort of the will 948 

Heart, why is it placed in the 

chest of the body 932 

Heart and lungs, why are they 
enclosed by ribs 933 

LESSON XL. 

Heart, why are its motions made 

independent of the will 950 

Hearing, why do people engaged 

in battle frequently lose their ... 991 
Hearing, death of a dog through 

noise 991 

Heat or caloric, why is it 6 

Heat, animal, what is it 570 

Heat, why generated in animal 

bodies 571 

Heat, animal, is it similar to the 

heat oi the fire 575 

Heat in cooking, why increased 

by the bright tin screen 527 

Heat, why do we realise the sen- 
sation of 112 

Heat, what are the laws that go- 
vern the diffusion of 156 

Heat, what is the conduction of 157 
Heat, what is the radiation of ... 158 
Heat, is radiated, transmitted by 

the surrounding atmosphere ... 159 
Heat, what is the convection of . . . 160 
Heat, what is the reflection of ... 163 
Heat, why are some bodies called 

conductors of 165 

Heat, why are some substances 

called non-conductors of ... 166 
Heat, what is the absorption of ... 168 
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LESSON XLL 

Heat of the fire, from what does it 
chiefly emanate 747 

Heat to cold, why does a sudden 
change bring on illness 1013 

Heat of the earth. Humboldt's 
opinion upon the internal ... 1835 

Heat of the earth. Hunt's opinion 
upon the internal 1836 

Seat, from hot bodies, why does 
it endeavour to escape to colder 
bodies 797 

Heat, why does a stick, with one 
end in the fire, not produce heat 
at the other 798 

Hiccough, why do we 1027 

Hoar-frost, why does it prognosti- 
cate rain 461 

Hoar-frost, why does it create 
beautiful crystalline forms ... 462 

Hogs, why nave Indian large 
tusks turning back towards 
their eyes 1068 

Hog, why is the under jaw of the, 
shorter than the upper jaw ... 1039 

Hoop, why does it roll without 
falling to the ground 861 

Hoop, why does it, when falling, 
make several side revolutions 862 

Horses, why have they smaller 
stomachs proportionately than 
other animals 1097 

Horse, why has it no gall-bladder 1098 

Horses, why is the secretion of 
their eyes thick and glutinous 1134 

LESSON XLIL 

Horses and cattle, why do they 
stretch out their necks and snuff 
the air on the approach of rain 1106 

Horse-chestnut, why is it unfit for 
food 1203 

Humming-top, why does it make 
a noise 810 

Humming-tops, why do we see 
the figures painted on them 
before they spin, and not while 
they are spinning 813 

Hunger, why produced by ex- 
posure to cold 574 

Hurricane, what is the most 
violent on record 329 

Hurricanes in miniature, how are 
they illustrated 334 

Hydrogen, what is it 738 

Hydrogen, why is it spoken of as 
a solid body 740 

Hydrogen, will it support combus- 
tion 741 

Hydrogen, why will it explode ... 742 

Hydrogen, mixed with oxygen, 
why will it explode when in con- 
tact with fire 743 

Hydrogen, where does it chiefly 
exist 748 



LESSON XLIII. 

Hydrogen, is it found elsewhere 749 
Hydrogen, what proportion of is 

dangerous to life 760 

Hydrogen, what sources of are 

there in our dwellings 762 

Hydrogen in oxygen, burning of, 

what becomes of the water 

formed by the 752 

Hydrogen gas, how obtained from 

coals 751 

Hydrogen gas, is an escape of, from 

a gas-pipe dangerous 755 

Hydrogen gas, does it rise or fall 759 
Hydrogen gas, with atmospheric 

air, what proportion will explode 757 

Ice, melted, why does it run in 
streams of water 546 

Ice for cooling water, why should 
it be applied at the top 535 

Ice, why does it float 536 

Ice, if heavier than water, what 
evils would arise from 537 

Ice, on lakes and ponds, why does 
it keep the water warm 538 

Ice, on lakes, &o., and ice for cool- 
ing water, how is their differ- 
ence of action accounted for ... 539 

Ice, why does it float 409 

Ice, why does it contain bubbles 411 

Ice, why free from bubbles when 
found in agitated waters ... 412 

Ice, why is it considered to be the 
simplest state of water 413 

LESSON XLIV. 

Ice, does it exist in great density 

at the Poles 416 

Ice, is it the only instance of 
water existing in a state of 

solidity 419 

Ice, why does it expand and re- 
quire greater space than water 608 
Incidence, what is the line of ... 59 
Incidence, what is the angle of ... 61 
India-rubber, where is it ob- 
tained 1254 

Infants, why have they no teeth 1070 
Ink, why does it become dried up 

in inkstands 473 

Insects, why are those that fly by 

night generally pale in colour ... 104 
Insects, why have they a large 

number of eyes 1083 

Insects, why have they long pro- 
jections from their heads ...1100 
Insects, why do they attach their 

eggs to leaves 1295 

Insects, why do they multiply so 

numerously 1300 

Insects, what is a larva 1302 

Insects, what is a pupa ...1303 
Insects, what is a chrysalis ... 1304 
Insects, what is a nymph 1305 
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LESSON XLV. 

Insects, why do they abound in 
decaying substances and in 
putrid waters ISIS 

Insects, why do we see them in 
tanks of rain-water 1314 

Iron, why does it rust rapidly 
when wetted 619 

Italian-iron, why does the heater 
of, frequently become too large 
for its case 148 

Jew's-harps, why do they give 
musical sounds 861 

Jew's-harps, why will they not 
produce loud sounds unless they 
are applied to the mouth ... 852 

Jew's-harps, why does the altera- 
tion of the form of the mouth 
alter the sounds 853 

Kangaroos and opossums, why 
have they pouches 1130 

Kite, why does it rise in the sir 840 

Kite-string, why does it feel hot 
passing through the hand ... 841 

Kite, why does running with it 
cause it to ascend 842 

Kettle-holders, why are they em- 
ployed 519 

Kettle, why does the lid of, rattle 805 

Knowledge, why should we seek 1 

LESSON XLVI. 

Knowledge, why does its posses- 
sion give us power 2 

Knowledge, what are its benefits 3 

Lakes and rivers, do they contain 

saline matter 616 

Laugh, why do we 1026 

Lead tied to a string, why, if sus- 
pended, would it incline from 

the perpendicular 2T6 

Leaves, why do some turn yellow 1186 
leaves, why do they fall off ... 1187 
Leaves, how to make skeleton ... 1159 
Leaves, why do they turn brown 1183 
Legs crossed, why do we see the 
elevated leg move at regular in- 
tervals , ... 918 

Lettuces, cabbages, &o., why do 

gardeners tie them up 96 

Ligaments, what are they ... 967 

Ligament, what is their use ... 938 

Light, what is it 4 

Light, heat, and electricity, why 

called imponderable 12 

Light, heat, and electricity, are 
they included in the sixty-two 

elements 17 

Light, how is a ray of, constituted 20 
Light, at what rate does it travel 21 
Light, how long is it travelling 
from the sun to the earth ... 22 



LESSON XLVTI. 

Lii at becomes of it when 

j 45 

Li| it is the reflection of ... 54 

lii y does its imponder- 

t low the wisdom of the 

< 64 

Lij it is the refraction of ... 65 

lii heat, what is the dif- 

1 tetween ... ... 73 

Li t is its effect on animals 101. 

Li it are the minor sources 26 

Li it is a ray of 27 

Li it is a medium of ... 28 

Li it is a beam of 29 

Li it is a pencil of ... 80 

Li it is the radiant point of 31 

14 it is the focus of ... 32 

Li it are the chief sources 49 

Ii iy is it evolved by the 

i of a flint against steel... 50 

Li w long does its flight 

1 aq sun to the earth 

occupy 51 

Light, do refracted rays of, always 

display colours 67 

Light, if a ray of, falls in a straight 
line upon a transparent surface, 

is it tnen refracted 68 

Light, is the direction in which 
the rays are bent influenced by 
the densities of the media ... 69 

LESSON XLVni. 

Light, is it refracted in passing 
from a dense medium to a thin- 
ner one 70 

Light and heat, are they com- 
bined in the solar ray 74 

Light and heat, how do we know 
that they are separate elements 75 

Light and heat, in what respects 
are they similar 77 

Light and heat, in what respects 
are they dissimilar 78 

Light, primary and reflected, what 
is their relative intensity ... 80 

Light, how do we know that ob- 
jects reflect in every direction 81 

Light, what is polarised 83 

Light, polarisation of, what de- 
ductions are drawn from ... 84 

Light, why are two persons able 
to see each other 85 

Lightning, what is the cause of ... 187 

Lightning, when does it occur ... 190 

Lightning, why does it attend the 
movement of electricity ... 191. 

Lightning, does it ever occur 
when the conducting power and 
electricity are of equal force ... 193 

Lightning flash, why does it occur 
when the clouds approach ... 202 

Lightning, why does a shower of 
rain generally succeed 203 
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LESSON XLIX. 

Lightning, does it ever pass from 
sir to earth, and earth to air ... 

Lightning, what is the extent of 
mechanical force of 

Lightning, what gives the vary- 
ing character to its flashes 

Lightning, when is it straight ... 

Lightning, when is it forked 

Lightning, when is it sheet 

Lightning, when is it blue 

Lightning, why is it sometimes 
unattended by thunder 

Lightning, why should proximity 
to water be avoided during ... 

Lightning conductors, why are 
they attached to tall edifices ... 

Lightning conductor, is it danger- 
ous to stand near a 



convey electricity harmlessly ... 
Lightning conductors, why does 

copper make the best 

Lightning conductors, why are 

they made to project above the 

objects of protection 
Lightning conductors, do they 

attract electricity 

Lightning conductors, why should 

large buildings have several ... 
Lightningcouduotors, why should 

they be attached to the external 

metal works of buildings 

LESSON L. 

Lightning conductors, why should 
they terminate in the earth ... 

lime-kilns, why are they some- 
times fatal to persons sleeping 

Limpets, why is it difficult to 
strike them from rooks 

Linen wet, why does it dry in the air 

Liver, what effect has the, upon 
the circulation 

Looking-glass, why can it cast the 
light of the sun to a great distance 

Lungs, what is given off with 
the breath from ... 
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210 

211 
211 
211 
211 
211 

215 

216 

224 

2S2 
227 



229 



281 

731 

316 
475 

901 

68 

788 



Magnetic bodies, what are they... 

Magnetic needle, how is it avail- 
able for transmitting signals ... 

Magnetic needle, how can its de- 
flection be made to communi- 
cate telegraphic signals ... 

Magnetic needles, how may they 
be illustrated xsi 

Magnetism, what is it 11 

Magnetic needle, why does it 
point towards the north 247 

Magnetism, what is it 237 

Magpie, why is a single one said to 
fortel bad weather 1118 

Mahogany, what is it 1190 

Mahogany and other woods, why 
are there curious markings in ... 1273 



249 



250 



LESSON LI. 

Man, why Is he born without a 
covering 1034 

Mau, why has he no external ap- 
pendage to his mouth 1037 

Marble-hearth, why does it feel 
coldtothefeet 

Marble-hearth, why does the car- 
pet feel warmer than 

Marble-hearth and carpet, if 
warmerthan the body, what sen- 
sation would they produce 

Marbles, why do they revolve 
when propelled 

Marbles, why do striped appear 
to have more stripes when they 
are rolling than when at rest ... 

Marbles, why do they rebound 
when dropped on the pavement 820* 

Marbles, why do they roll furthest 
upon smooth surfaces 

Marbles, how many forces con- 
tribute to stop their rolling . . . 

Marbles, why do the stripes upon 
them disappear when they are 
spinning rapidly 

Marbles, why are the rings upon 
them most perceptible at the 
" poles" while they are spinning 

Matter, what is it 

Matter, what are the distin- 
guishing states of 
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821 



823- 



824 
13 



14 



LESSON LIT. 



Matter, what are the recognized 

elements of 

Matter, how many elements of are 

known M « 

Matter, what is the constitution 

of its elements 

Matter, what are the phenomena of 
Mirrors, metals, Ac, why do they 

reflect the images of objects ... 
Mirrors, why do we see ourselves 

better in, than in plain glass ... 

Mists, what are they 

Mists, why do they sometimes 

appear near the ground 

Mists, " creeping, how are they 

occasioned 

Mists, why do they disappear at 

sunrise 

Mists, why do they continue to 

appear and disappear for several 

days 

Mists, why do they indicate the 

continuance of rain 

Mists, why do they prevail near 

the sea, and in marshy places ... ooo 
Mistletoe, why have its berries a 

thiok viscid juice 117T 

Mistletoe, how are its seeds con- 
veyed to the bark of trees . . . 1178 
Moles, why are they permanent 904 
Moles, whyhavetheyhardflat feet 1074 
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LESSON LIIL 

Moles* fur, why is it glossy and 
smooth 1075 

Holes, why may rain be expected 
when they throw up their hills 1117 

Monsoons, what are they 324 

Monsoons, what is the cause of... 325 

Moon, why do the various phases 
of, affect the quantity of rain ... 505 

Mother of pearl, feathers of birds, 
Ac, why do thny exhibit such 
beautiful tints 338 

Moths, why do they fly by night 1297 

Moths, why are their bodies gene- 
rally covered with thick down 1298 

Moths, why do they fly against 
the candle-flame 1299 

Muscles, how many are there in 
the human body 941 

Muscle, what is the constitution 
of a 942 

Muscles, what degree of strength 
do they possess 945 

Muscles, what is the stimulus 
whioh sets them in action ... 946 

Musical sounds, what number of 
vibrations do they produce ... 664 

Mussels, why have they tendinous 
cords proceeding from their 
shells 1086 

Nails, why have we got them at 
the finger's ends 908 

Nails, why is there a circular line 
of a whitish colour at the root of 909 

LESSON LIV. 

Nails, why do white spots occur 

upon the 910 

Needle, why will it float when 

carefully laid on the surface of 

the water 288 

Nerves, what are they 961 

Nervous system, of what does it 

consist 955 

Nerve, what is the constitution 

of a 956 

Nervous fluid, what is the 957 

Nerves, how many kinds are there 958 
Nerves of motion, what are they 969 
Nerves of sensation, what are 

they 960 

Nerves of special sense, what are 

they 961 

Nerves of sympathy, what are 

they 962 

Nitrogen, what is it 698 

Nitrogen, where is it found ... 699 
Nitrogen, could animals exist on 

it 702 

Nitrous oxide, why does it cause 

laughter 703 

Nitrogen, isittakeninto the blood 

from the air 705 

Nitrogen, will it burn 709 

Nitrogen, inhaled with the air, 

what becomes of it 711 



LESSON LV. 

Nitrogen, where does it find a 
fresh supply of oxygen 712" 

Nitrogen, why is it also called . 
azote 713 

Nostrils, why are they directed 
downwards 994 

Nose, why is it placed over the 
mouth 995- 

Nutmegs, where are they pro- 
duced 1232 

Oil, why do floating films of, dis- 
play prismatic colours 837 

Oil, why does it float on the sur- 
face of the water 290. 

Oil burnt in lamps, what becomes 
of it 764 

Oils and fats, what are vege- 
table 1204 

Oils and fats, animal, why are they 
found most abundant in cold 
countries 1205 

Oils and fats, vegetable, why are 
they found most abundantly in 
hot countries 1206 

Opium, what is it 1258 

Optical illusions, what is the cause 
of 314 

Ostriches, why have they small 
wines 1031 

Ostriches, why Tare their feathers 
soft and downy 1032 

Otters, seals, Ac., why have they 
web-feet 1062 

LESSON LVL 

Owls, why does their screeching 
denote change of weather ... 1111 

Owls, why does their moping fore- 
tel death Ill* 

Oven, why may a man stand in an, 
when heated 520 

Oxen, sheep, deer, &c, why do they 
ruminate 1088 

Oxen and other quadrupeds, why 
have they a tough elastic liga- 
ment in their necks 1138 

Oxygen, in what way is it used by 
man 613 

Oxygen of the air, why does it not 
sometimes take fire 693 

Oxygen, why do we know that it 
wfll not burn itself 694 

Oxygen, why do we know that it 
is necessary to our existence ... 695 

Oxygen, where is it found 696 

Oxygen gas, what are the proper- 
ties of 689 

Oxygen, what is it 690 

Oxygen of the air, why is it mixed 
so largely with nitrogen 697 

Ozone, what is it 194 

Ozone, why do we know that elec- 
tricity contributes to its forma- 
tion 195 

Ozone, what are the properties of 196 
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Paper held over a candle flame, 

why does it become scorched ... 944 
Parachutes, why do they mil 

gradually to the ground ... 884 
Parrots, Ac., why have they crooked 

bills 10*7 

Parrots, why can they move their 

upper as well as their lower beak 1046 
Pea-and-pin, why do they rotate 

upon a jet of air blown through 

a tobacco-pipe 845 

Peg-top, why does it make less 

noise than a humming-top ... 811 
Pelican, why has it a large pouch 

under its bill 1093 

Perspire, why do we : 1009 

Perspiration, how is it formed ... 1010 
Perspiration, what is insensible... 1011 
Perspiration, what is sensible ... 1012 
Photography, what is the chemical 

effect or light in the production 

of 91 

Photographic studios, why usually 

glazed with blue glass 92 

Pictures, why can they be taken 

by the sun's rays 90 

Pin. why may the scratching of, 

at one extremity of a long pole, 

be heard at the other 672 

Pipes containing frozen water, 

why do they burst 414 

LESSON LVHL 

Pith-tumblers, why do they always 
pitch on one end 868 

Planets, how can they be weighed 278 

Planets, how can the distances of, 
be measured 279 

Ylants, how is their giving back 
oxygen to the air proved ... 567 

Plants, why do mats protect them 
from cold 459 

Plants, 4c., why are they fre- 
quently covered with hoar frost 460 

Plants, why are thev scorched 

' ' under the unclouded sun ... 93 

.Plants, how is their nutritive sap 
applied to their growth and nou- 
rishment 1150 

Plants, why do they grow ... 1154 

Plants, why if we break the stem 
of a hyacinth, do we see a glu- 
tinous fluid exude 1155 

Plants, why, if we split the petal 
of a tulip, do we see cells con- 
taining different colouring mat- 
ters 1156 

Plants, why, if we break a pea- 
shell across, do we find a trans- 
parent membrane 1157 

Plants, why, if we cut through a 
cabbage-stump, do we find a 
tough coating enveloping a cel- 
lular substance 1158 

Plants, why are their seeds formed 
within the corollas of flowers ... 1168 



LE8SONLE*. 

Plants, why does the flower of the 
poppy turn down during the 
early formation of seed 1169 

Plants, why have those of the 
pea-tribe a folding blossom . . . 1170 

Plants, why are leaf-buds enclosed 
in scales which fall off as the 
leaves open 1171 

Plants, what is meant by M spe- 
cies*' of 1209 

Plants what is means by "genus** 
of 1210 

Plants, progressive discovery of 
new species 1211 

Plants, what are the three great 
classes of 1212 

Plants, what are the characteris- 
tics of exogenous 1213 

Plants, what are the characteris- 
tics of cryptogamus 1216 

Plants, what are the effects of di- 
verse climates upon 1242 

Plants, why are herbaceous less 
solid than woody 1265 

Plants, what is the circulation of 
sapin ii79 

Plants, why does their sap asoend 
and descend 1180 

Plants, why do they suffer from 
the smoke of cities 1188 

LESSON LX. 

Plants, why is it understood that 
some of them feel 1141 

Plants, why is it understood that 
some of them move 1142 

Plants, of what elementary sub- 
stances are they composed ... 1143 

Plants, whence do they derive their 
elementary substances 1144 

Plants, how do they obtain car- 
bon 1145 

Plants, how do they obtain oxy- 
gen 1146 

Plants, their decomposition of 
gases by day and night 1147 

Plants, how do they obtain hydro- 
gen 1147 

Plants, how do they obtain nitro- 
gen 1148 

Plants, how do they apply their 
elements to the formation of 

•:. their structures 1149 

Plants, why if we out across their 
stems, do we see tubes arranged 
in parallel lines 1159 

Plants, why do some droop, and 
turn to the earth, after sun- 
set 1167 

Plants, why are the seeds of many 
enclosed in rich juice or pulp ... 1172 

Plants, why have some tough curly 
tendrils 1173 

Plants, why have peas tendrils, 
and oeans none ... 1174 
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Plants, why have grapes, Ac* 

joints or knots in their stalks ... 1176 
Plants, why are the stalks of her- 
baceous generally cylindrical ... 1266 
Plants, what are the stomata of 1267 
Plants, why are their stomata ge- 
nerally on the under-side of the 

leaves 1268 

Plants, why have they pith in 

their centre 1269 

Poles of the earth, why are they 

wrapped in ice 415 

Tonds, why do they become dried 

up in dry weather 474 

Potatoes, why if grown in the 
light do they deteriorate ... 08 

Trism, what is a 66 

Prismatic colours, phenomena of 684 
Pulse, why do we feel it beat ... 900 
Pump-handle, why does its de- 
pression cause the water to flow 305 

•Quadrupeds, geographical distri- 
bution of 1881 

•Quick-lime, why should it be 
thrown into a well charged with 
carbonic acid 729 

Badiation of heat, how does it 
illustrate Divine Wisdom ... 430 

Radiation of heat from rough 
surfaces, how does it illustrate 
Divine Wisdom 481 

LESSON LOT. 

Radiation of heat from the earth, 
why do clouds cheek It 437 

Bain, why does it sometimes set 
in suddenly 480 

Bain, what w it 354 

Bain, why is the vapour of the 
clouds condensed into 355 

Bain, when is a cold current of 
air likely to produce 356 

IRain, from what atmospheric 
heights does it descend 861 

Bain-drops, large, why do they 
betoken short showers 363 

Bain, why does it sometimes 
M drizzle w 364 

Bains, drizzling, why likely to 
continue long 365 

Bainy districts, why are moun- 
tainous so 366 

JRain, why do winds influence the 
fall of 367 

.Bain-drops, why comparatively 
larger when falling in low dis- 
tricts 360 

'Bain-drops, why are they spheri- 
cal 872 

iRain-drops, large, why when they 
strike the earth do they scatter 
.into smaller drops 375 



LESSON LXIH. 

Bain-drops, why do they unite in 

streams and run downward ... 876 
Bain-water, why nearly pure ... 377 
Rainbow, how it is caused ... 385 
Rainbow, why are its colours 

called prismatic 336 

Rainbows, why are there some- 
times two 389 

Rainbow, why is the secondary 

fainter than the primary ... 340 
Rainbow, why is the order of the 
colours reversed in the secon- 
dary bow 841 

Rainbows, lunar, what are they 342 
Bainbows, lunar, why are they 
most frequent in northern lati- 
tudes 343 

Rainbow in the morning, why is 

it the shepherd's warning ... 34)3 
Rainbow at night, why is it the 

shepherd's delight 349 

Rapids in minature, how are they 

illustrated 834 

Reflection, what is the line of ... 60 
Reflection, what is the angle of ... 62 

Repulsion, what is it 285 

Respiration, why does the breast 

expand when we breathe ... 889 
Respiration, how does blood com- 
municate with the air in the 

lungs 890 

Rest, why does it invigorate us ... 1018 
Retorts for chemical experiments, 
why are they made of thin glass 147 

LESSON LXIV. 

Rice, where is it cultivated ... 1219 
Roses, why do red become pale 

when deprived of light 99 

Rosewood, what is it 1191 

Safety-valves, why are they at- 
tached to steam-engines ... 806 

Saliva, why does saliva enter the 
mouth while we are eating ... 872 

Sands, Mr., how was he able to 
wslk on the ceiling 815 

Saturation, what is the point of ... 357 

Savages, why do they lay their 
heads on the earth to hear the 
sounds of wild beasts, &c. ... 670 

Saucepan, why if black in one 

f>art, and bright in another, will 
t boil Quickest 522 

Sea-bathing, why does the water 
appear colder than the air ... 507 

Sea-side, why are places near the, 
comparatively warmer in win- 
ter 441 

Sea, why is it salt 616 

Sea, how is its greater saltness 
accounted for 616 

Sea, what theory is entertained 
respecting its saltness 616 
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'Sea, what is the estimated amount 
of salt in 617 

Sea, what is the depth of 618 

'■Sea-shells, why do they give a 
murmuring sound when held to 
the ear 668 

-Sea-crow, why is its lower bill 
longer than the upper 1185 

^Seagulls, why are they numerous 
in fine weather 1110 

Seagulls, why do they fly over the 
land on the approach of stormy 
weather 1120 

'Sealing-wax, why does rubbing it 
cause it to attract small particles 172 

Sealing-wax, why do light par- 
ticles adhere to, when excited 
by friction 272 

Seeds, why are they generally 
enveloped in hard cases 1152 

•-Seeds, why do they throw out 

roots before they form leaves ... 1153 
Seeds, why does the leaf-germ 
come up to the light, and the 
root-germ penetrate the earth. . . 1285 

Seeds, why are they indigestible 1286 
See-saw, why may a little boy 
balance a larger boy / 863 

.See- saw, why does the little boy 
sink to the earth when the 
larger boy kicks the ground ... 864 

LESSON LXVI. 

See-saw, why may the little boy 
keep the larger boy up when 

once he is up 865 

:See, why do we 

Shadows, how are they produced 
upon the ground, walls, &c. ... 

8heets, why do they feel cold 
whilo blankets feel warm 

Sheets, why colder than blankets 

Sheets with warmth acquired, 
why warmer than blankets . . . 

Shirts of linen, why colder than 
cotton ones 

Shot manufactories, why fur- 
nished with high towers 
; Shutters outside, why do they re- 
tard the disposition of moisture 

Shutters inside, why do they 
occasion moisture on bed-room 
windows 

Shuttlecock, why do we hear a 
noise when we strike it with the 
battledore 

Sigh, why do we 1025 

Sight, why can we see large ob- 
jects upon the small retina ... 966 

Sight, why are we able to see at 
long or short distances 974 

Silica, what is it 1260 

Silk, what is it 1200 

* Silver, why does it tarnish when 
exposed to light . ... 88 



963 



511 
556 



874 

458 



467 



887 



LESSON LXVH. 

Simoom, in miniature, how is it 

illustrated 834 

Skin, why does a chill of the, pro- 
duce inflammatory action in the 

lungs 1014 

Sky, why do " an evening red and 
a morning grey" denote fine 

weather 880 

Sky, why do "an evening grey 
aud a morning red " denote wet 

weather 881 

Sir - what is it 1019 

81< what is it 406 

8n why do we 992 

Sn why can they move over 

] to in an inverted position ... 817 
Sn where do they obtain their 

i s 1306 

Sn , why do their shells grow 1307 
Si] , why are their shells spiral 1308 
Sn , why have they four teuta- 

v, attached to their heads . . . 1309 

Snails, why are they able to move 

without feet 1310 

Snails, why do we see none iu the 

winter-time 1311 

Snails, why can they live in sealed 

shells 1312 

Sneeze, why do we 1024 

Snipes and woodcocks, why have 
they long tapering bills 1042 

LESSON LXVm. 

Snore, why do we 1028 

Snow, what is it 390 

Snow line, what is meant by the 391 

Snow, what is red 892 

Snow, crystalline forms of, how 

many are observable 393 

Snow, why does it keep the earth 

warm 394 

Snow, why cannot the warmth of 

the earth escape through it ... 395 
Snow, how do we know that it 

keeps the earth warm 396 

Snow-flakes, why are they so light 399 
Snow, has the congelation of ever 

been witnessed 400 

Snowon the pavement, why should 

we not throw salt upon it ... 401 
Snow, why when it is on the 
ground does the sunshine fre- 
quently feel hot 402 

Snow, why when followed by a 
northerly gale does it disappear 

without melting 403 

Snow, why may it be formed into 

hard snow-balls 404 

Snow, why will it not sometimes 

bind into snow-balls 405 

Soap-bubbles, why do they display 

prismatic colours 583 

Soap-bubbles, w hy do they ascend 586 
Soap-bubbles, wny do they de- 
scend 587 
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Soap-bubble, why after a time 
does it descend 587 

Soda-water, why does it effervesce 
and sparkle 735 

Soils, why are clayey unfavourable 
to vegetation 1160 

Boils, why are sandy unfavourable 
to vegetation 1162 

Soils, why are chalk unfavourable 
to vegetation 1162 

Soils, why are mixed favourable 
to vegetation 1163 

Boils, why do farmers manure 
their land 1165 

Soot, why is there a smell of in 
rooms in summer time 605 

Sonorous bodies, how do they im- 
part their vibrations to the air 654 

Sonorous bodies, how rapidly are 
the vibrations of, transmitted 
through the air 655 

Sound, what is it 650 

Sounds, how are they produced... 651 

Bounds, how do we Know that 
they are produced by the vibra- 
tions of the air 652 

Sound, how do we know that air 
is necessary to produce 653 

.Sounds, do ail travel at the same 
rate ... 656 

Sound, why, when a gun is fired at 
a distance, do we see the flash 
and smoke before hearing the 
report 659 

LESSON LXX. 

•Bound of soldiers marching, why 
does their tread when in long 
ranks appear irregular 660 

Bound of a wire or string, why 
does the length of determine it 661 

Bound, why does the tension of 
the wire or string affect its 
vibrations 662 

Bounds, why are some low and 
solemn and others high and 
quick 663 

Bounds, why can the voice be 
heard at a greater distance 
through a tube 665 

Bounds, why are they heard at a 
greater distance on water than 
on land 667 

Sounding-boards, why do they 
improve the hearing of congre- 
gations 674 

Bounds, are they reflected by 
distant objects only 680 

Bounds, why when walking under 
archways or tunnels do our 
voices appear louder 681 

Specific gravity of a body, what 
is it 282 



LESSON LXXX. 

Spiders, why have they the power 
of spinning webs 1082 

Spiders, why may wet weather be 
expected when they hide ... 1109 

Spiders, why may wet weather be 
expected when spiders break off 
their webs and remove them ... 1118 

Spider, why if the webs of the 
gossamer fly about in autumn, 
may east winds be expected ... 1124 

Spiders, gossamer, why can they 
float through the air 1125 

Spinal cord, what is the 952 

Spinal cord, why is it placed in 
the back-bone 953 

Spirituous mixtures, why made 
weaker by boiling 532 

Spoon-bill, why has it a long-ex- 
panded bill lined with sharp 
muscular points 1045 

Spoon-bill, why has it long legs... 1046 

Starch, what is it 1202 

Stars, why do they twinkle ... 3Q1 

Stars, why does much twinkling 
foretell wet weather 

Steam, why does it issue from the 
spout of kettle 

Steam from the kettle, what 
becomes of it 

Steam from the kettle, why does 
it cover a tumbler with mois- 
ture 

Steam from the kettle, first appli- 
cation of 
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Steam, why does it set steam- 
engines in motion 804 

Steam, how much more space 
does it occupy than water ... 808 

Storms, what is the cause of ... 328 

Storms, why do the most violent 
occur in and near the tropics ... 330 

Straw, why is it frequently usod 
for manure 1264 

Stringed instruments, why do 
they become out of tune when 
disused 144 

" Sucker," why does it raise .a 
stone 860 

Sugar at the bottom of a tea-cup, 
why so long in dissolving ... 525 

Sugar, why does stirring cause it 
to dissolve 526 

Sun-set, why if it is red does it 
prognosticate a fine morrow ... 380 

Sun-set, why if it is grey, does it 
indicate that the next day will 
be wet 881 

Sun, what is the estimated magni- 
tude of the 280 

Sun, what is the constitution of 
the 23 

Sun, from what does its luminosity 
arise 24 
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Sun. why when seen through a 
telescope do spots appear on its 
face 25 

Sun, how long would it take ft 
cannon ball to reach it 62 

Sun's rays, why do we see them 
bursting through the clouds, on 
dark and showery days 72 

Suppers, why do they cause dreams 1021 

Squint, why do some people ... 067 

Swallows, why may wet weather 
be expected when they fly low... 1104 

Syringe, why does pressing in the 
handle force out a jet of water. . . 856 

Syringe, why will the water leak 
out, but not run 858 

Syringe, why cannot the handle 
Depressed in if a finger is kept 
on the orifice 859 

Tannin, what is it 1257 

Taste, why do we 996 

Taste, why are some substances 

sweet, others sour 997 

Taste, why is it most powerful 
after substances have been a 
little while in the mouth ... 998 
Taste, why if we put out the 
tongue and touch it with a nut 
of sugar shall we perceive no 

taste 999 

Taste, why when we draw in the 
tongue do we then perceive the 
taste of the sugar 1000 

LESSON LXXIV. 

Taste, through what nerves are we 
made sensible of the contact of 
sugar with the tip of the tongue 1001 

Taste, why do connoisseurs of 
wines hold wine in their mouths 
a few seconds when judging of 
it 1002 

Taste, why do they also pass the 
fumes of the wine through their 
nostrils 1008 

Tea, fragments of, and bubbles, 
why do they join together, and 
cling to the sides of the cup ... 209 

Tea-pots, metal, why have they 
wood or ivory handles 516 

Tea-pots, porcelain, why are the 
handles of the same material ... 517 

Tea-pots, metal, with metal 
handles, why nave they wood 
or ivory inserted 218 

Tea-pot, bright silver, why better 
than earthenware 521 

Tears, what is the cause of ... 977 

Telegraphic needle, why does it 
turn and strike from side to 
side 252 

Telegraphic needles, why do they 
sometimes turn to the right, 
and sometimes to the left ... 260 



LESSON LXXV. 

Telegraphic needle, why does it 
rest in a vertical position ... 253 

Temperature of the human body, 
why the same in all climates ... 573 

Tendons, what are they 939 

Tendons, why are they used to 
attach the muscles to the bones 940 

Thaumatrope, why do the figures 
on appear to dance 869 

Thermometer, what is the ... 623 

Thermometers, why are there 
Reaumur's and Fahrenheit's ... 625 

Thermometer and barometer, what 
is the difference between ... 627 

Thermometer, when does its indi- 
cation of natural temperature 
vary most 629* 

Thermometer, why does it vary 
more in the winter than in the 
summer 630 

Thunderstorm, why does it some- 
times cease after a few flashes, 
and a shower 204 

Thunderstorm, why does it some- 
times continue for a long period 205 

Thunder, why does it occur after 
the flash of lightning 208 

Thunder, what gives the varying 

- character to the sounds of ... 214 

Thunder, what is it 212 

Tops, why do they stand erect 
while they spin, but fall when 
theystop 814 

Tops, why do they sleep 816 

LESSON LXXVI. 

Tops, why do they cease to spin... 

Touch, in what part of the body 
is the sense of most perfect . . . 

Towel, why does a wetted one 
become wet far above the 
water 

Transparent bodies, how are they 
accounted for 

Transparent bodies, are any abso- 
lutely so 

Trap-and-ball, why is the ball 
propelled upward when the 
trigger is struck 

Trees, why are they covered with 
bark 

Trees, why have those with large 
trunks a great number of leafy 
branches 

Trees, why have poplars com- 
paratively few leaves 

Trees, why has the mammoth 
comparatively few leaves 

Trees, why have oaks abundance 
of leaves 

Trees, why are their trunks 
generally round 

Twilight, why does it occur 
before sunrise and after sun- 
Bet 355 
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Vacuum, what is a 803 

Vacuum, is it possible to form a 

perfect ... ... ... ... 304 

Vapour of hot water,' why does it 

nse upon the air 594 

Vapour, why does it ascend ... 478 
Vapour, in what state does it 

exist in clouds 479 

Vapour, why is it not considered 

to be gas 685 

Vegetable structures, of what do 

they consist 1151 

Vegetables, why do farmers sow 

different crops in rotation ... 1164 
•Vegetables, why are the hearts of 

cabbages pale yellow 1182 

Vegetable productions, why are 

they so widely diffused 1189 

Vegetable eaters, why do they 

feed so continually 1091 

Vegetation, geographical distri- 
bution of 1208 

Venous blood, what is it 706 

Vines, where are their favourable 

climates 1233 

Voltaic electricity, what is it . K . 240 

Warm and cold substances, what 
causes the difference in 506 

Water why does some portion 
adhere to glass 547 

Water, why does it form into 
globules 548 

LESSON LXXVIII. 

Water, why do drops of, flatten 

and disappear 549 

Water, why does a small drop of, 

run down slowly 550 

Water, two drops of uniting, why 

do they run down more rapidly 551 
Water, why does it feel cold to 

the hand 557 

Water, rain, why soft 580 

Water, hard, why does soap float 

upon 581 

Water, hard, how rendered soft... 582 
Water, why does it become hot 

in the kettle 589 

Water, why difficult to heat from 

the top 533 

Water, placed in a saucer, why 

does it disappear 472 

Water, evaporated from a saucer, 

pond, Ac, what becomes of it ... 476 
Water, why does it expand when 

freezing 408 

Water, why when frozen on the 

surface is it not frozen beneath 410 
Water, why do drops of roll over 

dusty surfaces 287 

Water, why, when dropped upon 

hot iron, does it move about in 

globules 2S9 

Watery vapour, what is its pro- 
portion to the atmosphere .., 296 



LESSON LXXIX. 

Water, how is its elevation in- 
creased 308- 

Water, why does it run through 
a syphon 309- 

Water, why does it run through 
the longer arm of a syphon ... 310* 

Water, why does it issue from the 
earth in springs 311 

Water, why, if a glass of, with a 
card on the top, be inverted, 
will the water remain 312: 

Water-spout, how is it produced 332 

Water, what is it 606 

Water, why dees it become solid 
when it freezes 607" 

Water, why does it boil 609» 

Water, what is its proportion on 
the earth's surface 610 

Water, what is the amount of its 
pressure 611 

Water, why does it dissolve various 
substances 614- 

Water, why does hot dissolve 
substances more readily than 
oold 615- 

Water, why does stagnant become 
putrid 620 

Water, do the animalcules it 
contains render it dangerous 
to drink 621 

Water, how are its impurities 
best guarded against 622 

LESSON LXXX. 

Water, why does it contain car- 
bonic acid gas 732: 

Water, why has fresh a brisk and 

pleasant taste 733- 

Water, why does it lose its 

brisk and pleasant taste when 

boiled 734- 

Water, why does boiling make a 

simmering noise 803 

Wheat, why do the ears stand up 

by day and turn down by night 1175 
Wheat, why is silica diffused over 

its stem 1261 

Whirlpool, in miniature, how is 

it illustrated 334 

Whirlwinds, what are they ... 831 
Whirlwind, in miniature, how is 

it illustrated 334- 

Will-o'-the-Wisp, Ac., what is the 

course of 236 

Winds, southerly, why usually 

rainy 363 

Wind, north, why does it bring 

wet and cold together 369* 

Wind, west, why does it bring 

rain 870 

Wind, east, why does it tend to 

dry 371 

Wind, what is it 318 

Winds, what are the velocities of 319> 
Yawn, why do we 1026 
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u God looked down from heaven upon the children of men, to see if there 
were any that did understand, that did see God."— Psalm liii. 



THE REASON WHY. 



CHAPTER L 



1. Why should we seek knowledge ? 

Because it assists us to comprehend the goodness and power of 
God; 

And gives us power over the circumstances and associations by 
which we are surrounded : the proper exercise of this power will 
greatly promote our happiness. 

2. Why does the possession of knowledge enable us to 
exercise power over surrounding circumstances ? 

Knowledge enables us to understand that to live healthily we 
require to breathe fresh and pure air. It also tells us that animal 
and vegetable substances undergoing decay poison the air, though 
we may not be able to see, or to smell, or otherwise discover the 
existence of the poison. Knowing this, we become careful to 
remove from our presence all matters that tend to corrupt the 
atmosphere. This is only one of the countless instances in which 
knowledge gives us power over surrounding circumstances. 

3. Name some other instances in which knowledge gives 
us power. 

Knowledge of Geography and Navigation enables the mariner 
to guide his ship across the trackless deep, and to reach the sought- 
for port, though he had never before been on its shores. 

Knowledge of Chemistry enables us to separate or to combine tho 
various substances found in nature. Thus we obtain useful and 
precious metals from what at first appeared to be worthless stones • 
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" Give instruction to a wise man, and he will be yet wiser; toacb a just man, 
and he will increase in learning.**- Pbovebbs jx. 



transparent glass from pebbles, through which no light could pass ; 
soap from oily substances ; and gas from solid bodies. V Matter, 
which has lain for ages in the depths of the earth, is disentombed, 
and made to warm and illuminate our homes. Though it has 
long been buried in the darkness of the grave, it is made to impart 
light and cheerfulness to millions who live. The rough and opaque 
stone is melted into a transparent sheet, which, being placed in our 
windows, keeps out the cold blasts of winter, and turns away the 
soaking showers of rain, or the chilling flakes of snow, and stones 
of hail ; but, like a fairy curtain, the crystal sheet allows light and 
warmth to enter, carrying comfort to the hearts, and beauty to the 
eyes, of those who dwell within. 

Knowledge of Medicine enables the physician to overcome the 
ravages of disease, and to save suffering patients from sinking 
prematurely to the grave. 

Knowledge of Anatomy and Surgery enables the surgeon to 
bind up dangerous fractures and wounds, and to remove, even from 
the internal parts of bodies, ulcers and diseased formations that 
would otherwise be fatal to life. 

Knowledge of Mechanics enables man to increase his power by 
the construction of machines. The steam-ship crossing the ocean 
in opposition to wind and tide, the railway locomotive travelling at 
sixty miles an hour, and the steam-hammer beating blocks of iron 
into useful shapes, are evidences of the power which man acquires 
through knowledge of mechanics. 

Knowledge of Electricity enables man to stand in comparative 
safety amid the awful war of elements. Lightning, the offspring 
of electricity, hat* a tendency to strike upon lofty objects by whieh 
it may be attracted. By its mighty powers churches or houses 
may be instantly levelled with the dust. But man, knowing that 
electricity is strongly attracted by particular substances, raises over 
lofty buildings rods of metal communicating with bars that descend 
into the ground. The lightning, rushing with indescribable force 
toward the steeple, is attracted by the bars of metal, and conducted 
harmlessly to the earth. Man may thus be said to take even 
lightning by the hand, and to divert its destroying force by the aid 
of Knowledge. And in countless other instances " Knowledge is 
Power." 
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" And God Mid, Let there be light: and there wm light. And God saw thelifht, 
that it was good : and God divided the light from the darkness." -Gen. i. 



CHAPTER n. 

4. What is light ? 

Light, according to Newton, is the effect of luminous particles 
of ether which dart from the surfaces of bodies in all directions. 
According to his theory, tho solar light which we receive departs 
from the sun and travels to the earth. 

According to Huyghens, light is caused by an infinitely elastic 
ether \ diffused through all space. This ether, existing every where, 
is excited into waves, or vibrations , by the luminous body. 

5. The theory of light is undetermined, so that neither the views of Newton, 
nor those of Huyghens, can be said to be exclusive!* adopted. Writers upon 
natural philosophy seize hold of either or both of those theories, as they present 
thomsetves more or less favourably in the explanation or natural phenomena. 
In The Reason Why, as we have to .speak of the effects of light rather than of 
its cause, we shall state the two theories, hut avoid discussion upon them. Let 
no one be discouraged by the fact that the theory of light, as, indeed, of all the 
imponderable agents, is imperfectly understood. Rather let us rejoice that 
there are vast fields of discovery to be explored; and that light, the most 
glorious and inspiring elemeut in na f ure, invites us from the suu, the moon, 
and the stars, and from the face of every green l«if and variegated flower, to 
search out the wonders of its nature, and to exemplify the goodness and wisdom 
of God, 

6. What is heat, otherwise called caloric ? 

Heat is a principle in nature which, like light and electricity, is 
best understood by its effects. We popularly call that heat which 
raises the temperature of bodies submitted to its influence. 

Caloric is another term for heat. It is advisable, however, to use 
ihe term caloric when speaking of the cause of heat, and of heat 
as the effect of the presence of caloric. 

Heat may exist without fire or light. 

It is not perceptible to vision. 

It makes an impression upon our feelings. 

It acts powerfully upon all bodies. 

It has no weight. 

It attends, or is connected with, all the operations of nature. 

It radiates from all bodies in straight iines, and in ail directions. 

It strikes most powerfully in direct lines. 



Digitized by VjOOQ IC 



THE SEASON WHY. 
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rather to be chosen than silver."— Proverbs xti. 



Its rays may be collected into & focus, just as the rays of the sun. 

It may be reflected from a polished surface. 

It is more easily conducted by some substances than by others. 

7. What is electricity ? 

Electricity is a property of force which resides in all matter, and 
which constantly seeks to establish an equilibrium. 

8. Why is it called electricity ? 

Because it first revealed itself to human observation through a 
substance called, in the Greek language, electrum. This substance 
is known to us as amber. 

9. What is amber ? 

It is a resinous substance, hard, bitter, shapeless, and glossy. 
It has been variously supposed to be a vegetable gum, a fossil, and 
an animal product. It is probably formed by a species of ant that 
inhabit pine forests. The bodies of ants are frequently found in its 
substance. * 

10. In what way did electrum induce attention to this 
property of force in matter ? 

Thales, a Greek philosopher, observed that, by briskly rubbing 
electrum, it acquired the property of attracting fight particles of 
matter, which moved towards the amber, and attached themselves 
to its surface, evidently under the influence of a force excited in 
the amber. 

11. What is magnetism ? 

Magnetism is the electricity of the earth ; it is characterised 
by the circulation of currents of electricity passing through the 
eartKs surface. 

12. Why are light, heat, and electricity called imponder- 
able elements ? 

Because, though they possess decided properties, and produce 
most remarkable effects, they differ from other elements in being 
destitute of weight. A substance becomes no heavier by being 
made hot; in fact, it becomes specifically lighter. An intense 
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" Oh, the depth of the riches both of the wisdom and knowledge of God ! How 
unsearchable are his judgments, and his ways past finding out."— Rom. xi. 



light, though it compels us to close our eyes, has no weight ; and 
bodies, when charged with electricity, are no heavier than when 
the electricity is withdrawn. 

Imponderable— not having sensible weight. Poncteroiftf— capable of being 
weighed. 

13. What is matter ? 

The term matter is employed to designate the substances of which 
all created things are formed ; but though we understand many of 
the properties and laws of matter, we do not know what matter is. 

14. What are the distinguishing states of matter ? 

The imponderable — as that of light, heat, and electricity ; the 
aeriform — as that of gas or air ; the liquid — as that of water or 
spirit ; and the solid — as that of stone or iron. 

15. What are the recognised elements of matter ? 

The recognised elements of matter are those portions of it of 
which the properties are supposed to be known, and which enter 
into various combinations with each other to produce all the varied 
substances that exist. 

16. Sow many elements of matter are now known ? 

There are sixty-two. But it is not improbable that science, in 
its progress, will discover more. 

17. Are light, heat, and electricity included in the sixty- 
two elements ? 

No ; the sixty -two are all of them known to be substances, to 
possess weight. They are called ponderable elements, in distinction 
from the imponderable. 

There are various opinions as to whether light, heat, and elec- 
tricity are substances ; and the terms ether, fluid, &c., are 
employed as the best expressions of our imperfect ideas respecting 
them. 

18. What is understood to be the constitution of the 
elements of matter ? 

The elements of matter of every kind are understood to consist 
of atoms, too minute to be observed; and the properties of bodies 



Digitized by VjOOQ IC 



• THB B1A801T WHT. 

"The day is thine, the night also is thine: thou hast prepared the light sod 
the sun."— Psalm lxxjv. 



are believed to be modified by the nature and the number of their 
ultimate atoms, and the extent to which light, heat, and electricity 
may participate in their union. 

19. What are the phenomena of matter f 

The phenomena of matter include all the various and observable 
states and changes which nature undergoes. To understand the 
phenomena of nature is to be able to read her wonders, comprehend 
her beauties, and perceive in all things that exist the hand of a wise 
Creator. The most interesting and instructive phenomena are 
momentarily occurring in our dwellings, our gardens, and surround 
us in our wanderings. The phenomena that attend the evaporation 
of steam from a kettle, are as interesting as those which accompany 
the formation of clouds in the far regions of the atmosphere ; the 
phenomena displayed by the frost upon the window pane, as illus- 
trative of grand natural laws as those which mark the sealing of the 
poles of the earth in mountains of ice. 

Phenomenon— whatever is capable of observation ; plural, phenomena. 



CHAPTER III. 

20. What is the constitution of a ray of light t 
A ray of white light, as we receive it from the sun, is composed 
of a number of elementary rays, which, with the aid of a prism, 
may be separated, and will produce under refraction the following 
colours : — 

1. An extreme red ray — a mixture of red and blue the red pre- 
dominating, 

2. Red. 

3. Orange — red passing into and combining with yellow. 

4. Yellow — the most luminous of all the rays. 

5. Green — yellow passing into and combining with the blue. 

6. Blue. 

7. Indigo — a dark and intense blue. 

8. Violet — blue mingled with red. 

9. Lavender grey — a neutral tint. 

10. Rays called fluorescent, which are either of a pure silvery 
blue, or a delicate green. 
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M Y« are the light of the world. A city that is m* on a hill cannot be hid."— 
Matt. t. 



21. At what rate of velocity doe* light travel? 

At the rate of 192,000 miles in a second through our atmo- 
sphere ; and 192,500 miles in a second through a vacuum. 

22. Sow long does light take to travel from the sun to the 
earth ? 

Eight minutes and thirteen seconds. 

23. What is the constitution of the sun ? 

It is a spherical body, 1,384,472 times larger than the earth. 

24. From what does ike luminosity of the sun arise ? 

From a luminous atmosphere, or, as M. Arago named it, photo- 
sphere, which completely surrounds the body of the sun, and which 
probably burns with great intensity, 

25. Why may spots be observed upon the face of the sun f 
hf the aid of a telescope ? 

Because the photosphere which surrounds the sun is subject to 
violent disturbances (as is the case with most burning bodies); these 
disturbances give rise to openings through the luminous envelope 
of the sun, by which we are enabled to look in upon the dark body 
of the sun itself. 

26. What are the minor sources of light? 

Light may be produced by chemical action, by electricity, and 
by phosphor esence, in thi latter of which various agencies unite. 

27. What is a ray of light? 

A ray of light is the smallest portion of light which we can 
recognise. 

28. What is a medium ? 

A medium is a body which affords a passage for the rays of 
light. 

29. What is a beam of light ? 

A beam of light is a group of parallel rays, 

30. What is a pencil of light ? 

A pencil of light is a body of rays which come from or mote 
towards a point. 
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PSAJ.H XCTII. 



31. What is the radiant point ? 

The radiant point is that from which diverging rays of light 
are emitted. 

Diverging— starting from a point, and separating. 

32. What is the focus? 

The focus is the point to which converging rays are directed. 
Converging— drawing together towards a point. 

33. Why are there so many varieties of colour and tint 
in the various objects in nature ? 

Because every surface has a peculiar constitution, or atomic con- 
dition, by which the light falling upon it is influenced. In tropical 
climates, where the brightness of the sun is the most intense, there 
the colours of natural objects are the richest ; the foliage is of the 
darkest green ; the flowers and fruits present the brightest hues ; 
and the plumage of the birds is of the most gaudy description. In 
the temperate climates these features are more subdued, still bearing 
relation to the degree of light. And at a certain depth of the 
ocean, where light penetrates only in a slight degree, the objects 
that abound are nearly colourless. 

34. It has been held by many philosophers (and the theory is so far conclusive 
that it cannot be dispensed with) that there is an analogy between the vibra- 
tory causes of sound, and the vibratory causes of colour. Any one who has seen 
an JEolian harp, and listened to the wild notes of its music, will be aware that 
the wires of the harp are swept by accidental currents of air; that when 
those currents have been strong, the notes of tho harp have been raised to the 
highest pitch, and as the intensity of the currents has fallen, the musical sounds 
have deepened and softened, until, with melodious sighing, they have died 
away. ISo finger has touched the strings; no musical genius has presided 
at the harp to wake iU inspiring sounds ; but the vibration imparted to the 
air, as it swept the wires, has alone produced the chromatic sounds that have 
charmed the listener. If, then, the varied vibrations of the air are capable of 
imparting dissimilar sensations of sounds to the ear, is it not only possible, but 
probable, that the different vibrations of light may impart the various sensa- 
tions of colours to the eye 7 

35. Why is a substance red, according to Newtoris theory 
of light ? 

Because it absorbs all bufc the red rays. 

36. Why is a substance red, according to Huygheris 
theory ? 

Because the peculiar atomic condition of its surface alters the 
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"Let your light so shine before men, that they may see your good works, and 
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rapidity of the vibrations of the ether producing light ; and the 
altered number of vibrations produces a sensation upon the eye 
which we denominate a red colour. 

The effect may be compared to an echo which alters the tone of 
sound. Light is echoed from the petals of a flower, and the tone of 
the light is affected by the nature of the surface from which it is 
reflected ? 

87. Why is a substance yellow, according to Newton ? 
Because it absorbs all but the yellow rays, 

38. Why is a substance yellow, according to Huyghens ? 
Because it returns the light-producing ether vibrating at the 

rate of five hundred and thirty-five billions of times in a second. 

39. Why is a substance blue, according to Huyghens ? 
Because it increases the number of vibrations to six hundred and 

twenty-two billions in a second. 

40. Why is a substance white, according to Newton ? 
Because it returns all the component rays of light. 

41. Why is a substance white, according to Huyghens ? 
Because it returns the luminous ether without altering its 

vibrations, 

42. Why is a substance black, according to Newton? 
Because it absorbs all the rays of light. 

43. Why is a substance black, according to Huyghens / 
Because it puts an end to the vibrations of the luminous ether. 

44. Accepting tho theory of vibrations, and applying it to the elucidation of the 
phenomena of light -it is unnecessary, we think, to believe that a ray of white 
light contains rays in a state of colour. It is said that if we divide a circular 
surface into parts, and paint the various colours in the order and proportions 
in which they occur in the refracted ray, and then spin the circle with great 
Velocity, the colours will blend and appear white. But such is not the case ; the 
result is in some degree an illusion, arising out of the sudden removal of the 
Impression made upon the eye by the colours *, and if a piece of white paper be 
held by the side of the coloured circle in motion, the latter will be found to be 
grey. When it is remembered that in colouring a white surface with thin 
colours, the white materially qualifies the colours, it must be admitted that the 
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" Sing praises to the Lord, which dwelleth in Zion : declare among the people 
his doing*.— Psauc ix. 

experiment fails to support the assertion that the colours of the spectrum 
produce white. But there can be no difficulty in understanding that a ray of 
light undergoing refraction becomes divided into minor rays, which differing 
in their degree* qf refrangibUity, vary also in the velocity if their vibration*, 
and produce the seTcral sensations of colour. 

46. When light is absorbed, what becomes of it? 

No satisfactory explanation can be given.- It is generally believed 
that absorbed light is retained in the substances of the absorbing 
bodies in a latent or hidden state. And it has been supposed that 
the light of electricity may arise from the setting free of light thus 
absorbed and hidden. 

46. Why are some bodies transparent ? 

Because their atoms are so disposed that they do not interrupt 
the vibrations of the light-giving ether. 

47. Are any bodies absolutely transparent ? 

Not absolutely so ; whatever medium light passes through, some 
portion of it is diverted. Even in traversing our atmosphere, some 
light is lost. 

48. Do both the theories of light admit of the existence of 
an ether in a state of vibration ? 

Yes ; in both theories a wave motion of the luminous essence is 
admitted. 

The chief difference in the two theories is, that according to 
Newton, the luminous ether comes from the sun, and is reflected, 
refracted, or absorbed, by various bodies; while, according to 
Huyghens, the ether which produces light pervades all space, and 
is excited to luminosity by certain bodies, of which the sun is the 
chief. 

Another difference is, that according to Newton the various 
colours of bodies arise from the absorption of some of the rays, 
and the refection of others ; and, in some cases, from the refrac- 
tion t or bending, of the rays, by which their elementary colours an 
displayed. According to Huyghens, the colours of bodies arise from 
the vibratory impressions they impart to the luminous essence. 
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" There is no darkness nor shadow of death, where the workers of iniquity 
may hide themselves.'*— Job xxxiy. 

49. What are the chief sources of light ? 

Light is emitted from the sun and the fixed stars ; and it is 
evolved by percussion, electricity, combustion, and by various 
chemical processes, 

50. Why is light evolved by the striking of a flint against 
steel ? 

It is believed by some philosophers that light, when absorbed by 
bodies, becomes latent, or hidden in them, and that it is set free by 
the actions that canse it to re-appear. This opinion, which is full 
cf interest, opens a vast field of inquiry ; but it is at present purely 
problematical. It appMes equally to the light of fires, candles, and 
of all other minor sources. Recent photographic experiments sus- 
tain this theory. 

51. How long does light occupy in its flight from the sun to 
the earth t 

Light travels from the sun to the earth (a distance of ninety-five 
millions of miles) in a little more than eight minutes. 

52. How long would it take a cannon ball to reach the 
sun? 

A cannon ball, flying at the rate of about a mile in eight seconds, 
would occupy thirty -two years in going over the sun's distance 
from the earth. Light travels two million times faster than a 
cannon ball. 

53. Why do we see various shadows upon the ground, the 
walls, $c. 

Because light travels only in straight lines. Whenever, there- 
fore, an opaque body intercepts a beam of light, the shadow of that 
body will be bounded by right lines, passing from the luminous 
body, and meeting the lines that terminate the opaque body. 

54.- What is the reflection of light ? 

The reflection of light is the turning back of its rays by the 
surface upon which they fall. 
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'Iun come a light into the world, that whosoever believeth in me should 
not abide in darkness."— John -xiii. 



55. Why do bright surfaces, such as those of mirrors, 
metals, S[c, reflect the images of objects ? 

Because the rays of light which are sent to those surfaces by the 
objects are reflected, and as these rays retain the colours imparted 
to them by the bodies from which they were originally directed, 
they present to the eye perfect images of those bodies. 

5G. Why cannot we see ourselves in a piece of plain glass 
as well as in a mirror silvered at the bach ? 

Because, when a ray of light enters a transparent medium, it con- 
tinues to move on until it meets with an opaque surface ; it then 
becomes reflected, or bent back. When the light meets with the 
opaque surface of the quicksilver, it turns back, and passes out 
again at the same surface at which it entered. 

57. The parts of a mirror from which the quicksilver is rubbed away give no 
reflection that could assist the reflecting power of the quicksilver. That tho 
surface of the glass does not reflect the image, is shown by the fact, that if you 
put the point of any object against the glass, the thickness between the point 
and the place where the refleotion of it begins, will show the exact thickness cf 
the glass, 

58. Why can we cast the light of the sun to a great 
distance by means of apiece of looking-glass ? 

Because the piece of looking-glass turns back the rays of the 
sun, and directs them to any place forming an angle with a line 
perpendicular to the surface of the glass. 

59. What is the line of incidence ? 

If a person stands in a direct line before a mirror, the line , 
through which the light travels from him to the mirror is the line 
of incidence. 

Incidence— tailing on. 

GO. What is the line of reflection ? 

The line of reflection is the line in which the rays of light are 
returned from the image formed in the glass to the eye of the 
observer. 

Reflection— % turning back. 
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' When Z consider thy heavens, the work of thy fingers, the moon and the 
stars which thon hast ordained, 



61. What is the angle of incidence ? 
The angle of incidence is the angle which rays of light, falling on 
a reflecting surface, make with a line perpendicular to that surface. 
ABC 




EXPLAINING THB LINE8 AND ANGLES 07 INCIDENCE AND 01 
EEELECTION. 

62. What is the angle of reflection? 

The angle of reflection is the angle which is formed by the 
returning rays of light, and a line perpendicular to the reflecting 
surface. It is always equivalent to the angle of incidence. 

63. Take a marble and roll it across the floor, so that it shall strike the wainscot 
obliquely. Let A in the diagram represent the point from which the marble is 
sent. The marble will not return to the hand, nor will it travel to the line B, 
but will bound off, or be reflected, to C. Now B is au imaginary line, perpen- 
dicular to the reflecting surface ; and it will be found that the path described 
by the marble in rolling to the surface and rebounding from it, form, with the 
line B, two angles that are equal. These represent the angles of incidence an* 
of reflection, and explain why the reflection of a person standing at A. before a 
mirror, would be seen by another person standing at C. This simple law in 
optics explains a great many interesting phenomena, and therefore it should be 
clearly impressed upon the memory. 

64. Why does the imponderability of light show the 
goodness and wisdom of the Creator ? 

Because, if light possessed weight, although its particles were 
equal only to the two millioneth part of a grain of sand, in conse- 
quence of the wonderful velocity of their flight, they would strike 
us with a force equal to that of sand when shot point blank from a 
cannon* s mouth. This force would destroy every living thing. 
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•What k man, that them art mindful of him? and the son of man. that 
tnou viaiteat him?"- Fsaui tui. 



65. JF£«* is the refraction of light? 

When rays of light fall obliquely upon the surface of any 
transparent medium, they are slightly diverted from their course. 
This alteration of the course of the rays is called refraction, and 
the degree of refraction is influenced hy the difference between the 
densities of the mediums through which light is transmitted. 

66. What is a prism ? 

A prism is a triangular piece of glass, which is used in experi- 
ments respecting the nature of light and colours. In consequence 
of its varying thickness, it bends, or refracts, the rays of light passing 
through it. Colours which were before blended in the white ray 
(according to the Newtonian theory) are separated, because they 
differ in their degrees of refrangibdlHy ; they, therefore, divide, and 
exhibit what are called the prismatic colours. (See 20). 

67. Does a ray of light always display colours when it is 
refracted ? 

No ; the colours of the primitive rays do not appear, unless the 
degree of refraction is sufficient to separate the elementary rays. 

68. If a ray of light falls in a straight line upon a 
transparent surface, is it then refracted? 

In that case the ray pursues its course — there is no refraction. 

69. Is the direction in which the rays are bent, or re- 
fracted, influenced by the relative densities of Hue media ? 

A ray of light falling slantingly upon a window, in passing 
through it is slightly brought to the perpendicular ; and if it then 
falls upon the surface of water, it is still further brought to the 
perpendicular in passing through the water. 

70. Is light refracted in passing from a dense medium to 
a thinner one ? 

It is ; but the direction if the refraction is just the opposite to 
the instance just given & a ray of light passing throagk water into 
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"The light of the body is the eyei if therefore thine eye be single, thy whole 
body Mhall be lull of light."— Matt. v. 



air, does not take a more perpendicular course, but becomes 
more oblique. 




Fig. 1.— SHILLIHG AND BA8IN WITHOUT WATER; SHOWING THB DIBBCTIOV 
OP A BAT OP LIGHT. 

71. Place in the bottom of an empty basin (Pig. t) a shilling; then stand in 
such a position at tli*» point B that the line of sight, over the edge of the basin, 
just excludes the r hilling from vi*w. Then request some one to pour water into 
the basin, until it is filled to G (Fig. 2), keeping your eye fixed upon the spot. 
The shilling will gradually appear, and will soon come entirely in view. Not 
only will the shilling be brought in view, but also portions of the basin before 
concealed. This is owing to the rays of light passing from the bottom through 
the water in a direction more perpendicular than they would have done through 
the air; but on leaving the water they become more oblique, Mid hence they 
eonvey the image of the shilling over the edge of tlte basin, which otherwise 
would have obstructed the view. 




Fig. 2.— SHOWING THB BBNDINCt OP THU BAT BY THB WATBB. 

*!% Why is it that in cloudy and showery days toe see the 

sun's rays bursting through the clouds in different direction* t 

Because, in ^tufting through doucU of different densities the rays 
are bent out of their course. 
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"The earth Is the Lord's, and the fulness thereof; the world, and they that 
dwell therein."— Psalm xxiy. 



CHAPTER IV. 

73. What is the difference between light and heat ? 

The most obvious distinction is, that light acts upon vision, and 
heat upon sensation, or feeling. 

Another distinction is, that heat expands all bodies, and alters 
their atomic condition ; while light, though usually attended by 
heat, does not display the same expansive force, but produces various 
effects which are peculiar to itself, and which are attributed to its 
actinic power. 

74. Are light and heat combined in the solar ray ? 

Yes. A ray of light, as well as containing elementary rays that 
produce colours under refraction, contains also chemical rays and 
heat rays. 

75. Sow do we know that light and heat are separate 
elements ? 

Because we have heat rays, as from dark hot iron, from various 
chemical actions, and from friction, which are unattended by the 
development of light. And we have light, or luminosity, such as 
that of phosphoresence, which is unaccompanied by any appreciable 
degree of heat. 

But, besides this confirmation, further proof is afforded by the 
fact, that in passing rays of solar light through media that are 
transparent to heat, but not to light, the heat rays may be sepa- 
rated from the luminous rays, and vice versa. 

76. Black glass, and black mica, which are nearly opaque to light, are trans- 
parent to heat to the extent of ninety degrees out of a hundred. While pale 
green glass, coloured by oxide of copper, and covered with a coating of water, or 
a thin coating of alum, will be perfectly transparent to light, but will be almost 
quite opaque to heat. These remarks apply, in a greater or less degree, to many 
other substances. 

77. In what respects are light and heat similar ? 

Both heat and light have been referred to minute vibratory 
motions which occur, under exciting causes, in a very subtile elastic 
medium. 

They are both united in the sun's rays. 
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M The light of the righteous rejoiceth, but the lamp of the wicked shall be 

put OUt."— PlLOVKBBS XIII. 

They are both subject to laws of absorption, radiation, reflection, 
laid refraction. 

They are both essential to life, whether animal or vegetable. 

Both may be developed in their greatest intensity by electricity. 

They are both imponderable. 

78. In what respects are light and heat dissimilar ? 

Heat frequently exists without light. 

Light is usually attended with heat. 

Light may be instantly extinguished, but 

Heat can only be more gradually reduced by diffusion. 

The solar rays deliver heat to the earth by day, and the heat 
remains with the earth when the light has departed. 

Heat diffuses itself in all directions. 

Light travels only in straight lines. 

The colours that absorb and radiate both light and heat do not 
act in the same degree upon them both. Black, which does not 
radiate light, is a good radiator of heat, &c. Ac. 

The oxy -hydrogen light emits a most inteLse heat, but glass, 
which will transmit the rays of light, will afford no passage to the 
rays of the heat . 

Heat is latent, and known to be in all bodies, but the theory of 
latent light is at present imperfectly understood. 

These are only a few of the analogies and distinctions that exist 
between the two mysterious agents, light and heat. But they are 
sufficient to supply the starting points of investigation. 

79. The importance of the heat that attends the solar rays may be illustrated 
by the experiments performed a few years ago, by Mr. Baker, of Fleet-street, 
London, who made a large burning lens, three feet and a half in diameter, and 
employed another lens to reduce the rays of the first to a focus of half an inch 
in diameter. The heat produced was so great that iron plates, gold, and stones 
were instantly melted; and sulphur, pitch, and resinous bodies, were melted 
under water, 

80. What is the relative intensity of primary and reflected 
light? 

The intensity of a reflection depends upon the power of the 
reflecting surface. But, taking the sun and moon as the great 
examples of primary and reflected light, the intensity of the suns 
light is 801,072 times greater than that of the moon. 

b2 
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"Such knowledge is too wonderful for me; it is high, I cannot attain 
unto it.'— Psalm cxxxrx. 



81. JTow do toe know that objects reflect light in evert 
direction ? 

Because if we prick a hole in a card with a pin, and then look 
through that small hole upon a landscape, we can see some miles 
of country, and some thousands of objects ; each part of every 
object throughout the whole scene must have sent rays of light to 
the small hole pricked in the card. 

82. At one extremity of the landscape, viewed through the hole in the card, 
there may be a forest of trees ; in the distance there may be hills bathed in 
golden light, and overhung with glittering clouds; in the mid-distance there 
may be a river winding its course along, as though it loved the earth through 
which it ran, and wUhed, by wandering to and fro, to refresh the thirsty soil ; ia 
the foreground may be a church, covered by a million ivy leaves ; and grouping 
towards the sacred edifice may be hundreds of intending worshippers, old and 
young, rich and poor ; flowers may adorn the pathways, and butterflies spangle 
the air with their beauties : yet every one of those otyects— the forest, the hills, 
the clouds, the river, the church, the ivy, the people, the flowers, the butterflies 
—must have sent rays of light, which found their way through the little hole in 
tfie card, and entered to paint the picture upon the curtain of the eye. 

This is one of the most striking instances that can be afforded of the wonderful 
properties of light, and of the infinitude of those luminous rays that attend the 
majestic rising of tho sun. Not only does lij?ht fly from the grand "ruler of 
the day " with a velocity which is a million and a half times greater than 
that of a cannon-ball, but it darts from every reflecting surface with a like 
velocity, and reaches the tender structure of the eye so gently that, as it fails 
upon the little curtain of nerves which is there spread to receive it. it imparts 
the most pleasing sensations, and tells its story of the outer world with a 
minuteness of detail and a holiness of truth. Some philosophers once sought to 
weigh the sunbeam ; they constructed a most delicate balance, and suddenly let 
in upon it a beam of light ; the lever of the balance was so delicately hung that 
the fluttering of a fly would have disturbed it. Everything prepared, the grave 
men took their places, and with keen eyes watched the result. The sunbeam 
that was to decide the experiment had left the sun eight minutes prior to pa»s 
the ordeal. It had flown through ninety-five millions of miles of space in that 
short measure of time, and it shot upon the balance with unabated velocity; 
but the lever moved not, and the philosophers were mute ! 

83. What is polarized light ? 

Polarized light is Kght which has been subjected to compound 
refraction, and which, after polarization, exhibits a new series of 
phenomena, differing materially from those that pertain to to* 
primary conditions of light. 
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"But if thine eye be evil, thy whole body shall be full of darkness. If 

therefore the light that is in thee be darkness, how great 

is that darkness."— Matt. v. 



84. What are the chief deductions from the phenomena 
observed under the polarization of light? 

The polarization of light appears to confirm in a high degree the 
vibratory theory of light ; and to show that the vibrations of light 
kave two planes or directions of motion. The mast of a ship, for 
instance, has two motions : it progresses vertically as the ship is 
impelled forward, and it rolls laterally through the motion of the 
billows. 

Something like this occurs in the vibrations of light, only the 
vertical vibration is the condition of one ray, and the lateral 
vibration is the condition of another ray, and the vibrations of 
these two rays intersect each other in the solar ray. When these 
vibrations occur together, the ray has certain properties and powers. 
But by polarization the rays may be separated, and the result is 
two distinct rays, having different vibrations. 

It then appears that various bodies are transparent to these 
polarized rays only in certain directions. And this fact is sup- 
posed to show that bodies are made up of their atoms arranged 
in certain planes, through or between which the lateral or the 
vertical waves of light, together or singly, can or cannot pass ; and 
that the transparency or the opacity of a body is determined by the 
relation of Us atomic planes to the planes of the vibrations of 
light. 

Ordinary light, passing through transparent media, produces no 
very remarkable effect in its course ; but polarized light appears to 
illuminate every atom of the permeated substance, and by surround- 
ing it with a prismatic clothing, to afford an illustration of its 
molecular arrangement. 

85. Why are two persons able to see each other? 
Because rays of light flow from their bodies to each other s 

eyes, and convey an impression of their respective conditions. 

86. In some popular works that have come under our notice, we find that the 
student is told that " we cannot absolutely see each other- we only see the rays 
if light reflected from each other." The statement is erroneous as expressed. 
We do not see the rays of light, for if we did so, the effect of vision would be 
destroyed, and all bodies would appear to be in a state of incandesence, or of 
phosphoresence. Bays of light, which are themselves invisible, radiate from 
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"Tho hay appeareth, and the tender grass showeth itself, and herbs of the 
mountain are gathered."— Pbo v. xxvri. 

the objects we look upon, enter the pupil of the eye, and impress the seat of 
vision in a manner which conveys to tho mind a knowledge of the form, colour, 
and relative size and position of the figure we look upon. If this is not seeing 
theobject-iaftafw? It would bo just as reasonable to say, that we cannot 
hear a person speak— that we only hear the vibrations of the air. But as the 
vibrations are imparted to the air by the organs of voice of the speaker, as he 
sets tho air in motion, and makes the air his messenger to us, we certainly hear 
him, and can dispense with any logical myths that confound the understanding, 
and contribute to no good result. 



CHAPTER V. 

87. What is actinism ? 

Actinism is the chemical property of light. 
Actinism— ray power. 

88. Why does silver tarnish when exposed to light? 
Because of the actinic, or chemical power of the rays of the sun. 

89. Why do some colours fade, and others darken, when 
exposed to the sun ? 

Because of the chemical power of the sun's rays. 

"90. Why can pictures he taken by the sun's rays ? 

Because of the actinic powers that accompany the solar light. 

91. What is the particular chemical effect of light exhibited 
in the production of photographic pictures ? 

Simply the darkening of preparations of silver, by the actinic 
rays. 

92. Why are photographic studios usually glazed with blue 
glass ? 

Because blue glass obstructs many of the luminous rays, but it is 
perfectly transparent to actinism. 

93. Why do plants become scorched under the unclouded 
sun? 

Because the heat rays are in excess. The clouds shut off the 
scorching light; but, like the blue glass of the photographer's 
studio, they transmit actinism. 
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" While the earth remaineth, seed-time and harvest, and cold and boat, and 
summer and winter, and day and night, shall not cease."— Qeit. viii. 






94*. What effect has actinism upon vegetation ? 

It quickens the germination of seeds > and assists in the forma- 
tion of the colouring matter of leaves. Seeds and cuttings, which 
are required to germinate quickly, will do so under the effect of blue 
glass (which is equivalent to saying, the effect of an increased 
proportion of actinism), in half the time they would otherwise 
require. 

95. In what season of the year is the actinic power of 
light the greatest? 

In the spring, when the germination of plants demands its 
vitalising aid. In summer, when the maturing process advances, 
light and heat increase, and actinism relatively declines. In the 
autumn, when the ripening period arrives, light and actinism give 
way to a greater ratio of heat, 

96. Why do gardeners tie up the leaves of lettuces, 
cabbages, Sfc. ? 

Because they find that, by shutting off the rays of light, the 
leaves that are screened from the chemical effects of the sun's 
ray's become etiolated, or blanched. For the same reason they 
earth up celery, and other plants, the whiteness of which they 
desire to preserve. 

97. Why is the wood of trees white under the bark? 
Because the bark protects the wood from the effect of the 

chemical rays of light. 

98. Why do potatoes that grow in the light become dete- 
riorated ? 

Because the chemical rays of light produce a change in their 
substance, rendering them unfit for food. 

99. Why do the roses of red-rose trees become pale and 
almost white if deprived of light? 

Because light exercises a chemical agency upon the colouring of 
plants grown under its influence. Sir Humphrey Davy was of 
opinion that light entered into the composition of plants, and his 
experiments went to prove that pink, orange, and yellow flowers 
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14 Consider the lillies of the field, how they grow; they toil not, neither do 
they spin;" 



imbibe a smaller portion of light than red ones ; that white flowers 
contain no light ; and that vegetables are not only indebted to light 
for their colour, bat that taste and odour are affected by the same 
source. 

100. When we gaze upon a rose it is not its beauty alone that should imprest 
us : every moment of that flower's life is devoted to the fulfilment of its part ia 
the grand scheme of the universe. It decomposes the rays of solar light, and 
sends the red rays only to our eyes. It absorbs or radiates heat, according to 
the temperature of the aerial mantle that wraps alike the flower and the man. 
It distils the gaseous vapours, and restores to man the vital air ou which he 
lives. It takes into its own substance, and incorporates with its own frame, the 
carbon and the hydrogen of which man has no immediate need. It drinks the 
dew-drop or the rain-drop, and gives forth its sweet odour as a thanksgiving. 
And when it dies, it preaches eloquently to Beauty, pointing to the end that is 
to come. 

101. What is tlie effect of light on animals t 

Animals in general droop when deprived of light ; they become 
unhealthy, and die prematurely. When a man has been long 
confined in a dark dungeon, his complexion becomes sallow, pnstnles 
filled with watery humours break out on his skin, and he becomes 
dropsical. 

102. Why are worms and grubs that live in the earth, or 
in the dark, generally of a whitish colour? 

Because, like vegetables deprived of light, they are blanched by 
the absence of the chemical rays of light. 

103. Why are the flowers, fruits, and insects of tropical 
climates much richer in their colours than those of more 
temperate regions ? 

Because the greater intensity of the tropical light impresses 
with greater power the chemical agency of the sun's rays upon 
those bodies. 

104. Why are insects that fly by night generally of pale 
colour ? 

Because they are less affected by light than those insects thatiy 
by day. 
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"And yet I say unto you, that even Solomon, In all hist glory, was not arrayed 
like one of these."— Matt. vi. 

105. Why are the backs of fish more or less dark, while 
the bellies of all of them are white ? 

Because their backs are exposed to the light ; but their bellies 
being always turned from it, are unaffected by its chemical agency. 

106. Why do persons of fair complexion become freckled 
in summer time ? 

It is supposed that the freckles are produced by the iron of the 
blood, which becomes fixed in the skin through the chemical agency 
of the sun's rays. 

107. We have had frequently, in the progress of our le«sons, to refer to light 
tu its connection with the chemistry of nature, and with organic life. Let us 
bow invite the student to pause, and for a moment contemplate the wonders 
of a sunbeam. How great is its velocity— how vast its power— how varied its 
parts— yet how ethereal ! First, let us contemplate it as a simple beam in 
which light and heat are associated. How deep the darkness of the night, and 
how that darkness clings ti the recesses of the earth. But the day beams, and 
darkness flies before it, until every atom that meets the face of day is lit up 
with radiance. That which before lay buried in the shade of night is itself now 
a radiator of the 1 urn nous fluid. Mark the genial warmth that comes as the 
sister of light ; then stand by the side of the experimentalist and watch the 
point on which he directs the shining focuo, and in an instant se«i iron melt 
and stones run like water, under the fervent heat! Now look upward to the 
heavens, where the falling drops of rain have formed a natural prism in the 
rainbow, and shown that the lieam of pure whiten?**, refracted into various 
rays, glows with all the tints that adorn the garden of nature. These are the 
visible effects of light. But follow it into the criu-t of the earth, where it is, by 
another power, which is neither light nor heat, quickening the seed into life ; 
watch it as the germ springs up, and the plant puts forth its tender parts, 
touching them from day to day with deeper dyes, until the floral picture is 
complete. Follow it unto the sea, where it gives prismatic tints to the anemone, 
and imparts the richest colours to the various alga. Think of the millions of 
pictures that it paints daily upon the eyes of living things. Contemplate the 
people of a va^t city when, attracted by tome fl at ing toy in the air, a million 
eyes look up to watch its progress. The sun paints a million images of the snme 
object, and each observer has a perfect picture. It makes common to all man- 
kind the beauties of nature, and paints as richly for the peasant as for the king. 
*The Siamese twins were united by a living c<»rd which joined their &.vatenn, and 
gave unity and sympathy to their sensations. In the treat flood of light that 
daily bathes the world, we have a bond of union, giving the like pleasures and 
inspirations to millions of people at the same instant. And that which floods 
the world with beauty, should no less be a bond of unity and love. 
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"Behold how great a matter a little firo kindleth." 



CHAPTER VI. 

108. What is caloric ? 

Caloric is an extremely subtile force, or property of matter, which 
resides in all substances, and is the source of what we term heat. 
Meat is caloric made apparent, or perceptible to the senses. 

100. Why are the terms caloric and heat made use of with 
respect to heat ? 

The term caloric is used to express the cause of the physical 
effects which are attributed to that extremely subtile force, or fluid, 
which is frequently called heat ; but the term heat more properly 
applies to the sensation, or perception, of heat, as when we say we 
feel the heat of fire, or that a substance is approaching a red heat. 

110. What is latent caloric ? 

Latent caloric is that which is concealed, or hidden in bodies. 
It may be demonstrated to exist in them, but we have no ordinary 
means of perceiving it. Ice, and water which is as cold as ice, 
seem, by the impressions they impart to the touch, to have the 
same temperature. But there is hidden in the water a great deal 
more heat than there exists in the ice. 

111. What arc the principal uses of caloric ? 

Caloric is indispensable to the existence of animals and vege* 
tables without exception; the entire world of inorganic matter 
is affected in all its changes and conditions by the presence 
and amount of caloric. It is the clement with which man cheers 
hishome, prepares his food, dissolves metals, vitrefies rocks, hardens 
clay, softens iron, drives the steam engine, and gives to all the 
productions of the earth the forms and combinations which his 
necessities require. 

112. Why do we realise the sensation of heat ? 

When we put our hand upon a hot body, part of the caloric 
contained in that body quits it and enters the hand. The sensation 
thus produced we call heat. 
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u Tor what it your life? It is even a vapour, that appeareth for a little 
time, and then vanisheth away.*'— Jambs it. 



113. Why do we realise the sensation of cold ? 
When we touch a cold body, some caloric leaves our hand, and 
enters the body we touch. This causes the sensation which we call 

cold, 

114. If you lay your hand upon a woollen table-cover \ or upon the sleeve of your 
coat or mantle, it will feel neither warm nor cold, under ordinary circumstances. 
But if you raise your hand from the table-cover, or coat, and lay it on the marble 
mantel-piece, the mantel-piece will feel cold. If now you return your hand 
from the mantel-piece to the table-cover, or coat, a sensation of warmth will 
become distinctly perceptible. 

115. Why have all animals an instinctive dread of fire , 
although they love warmth ? 

Doubtless this instinct has been imparted to them by an all-wise 
Creator for the purposes of preservation. To man alone has the 
use and the control of this powerful and destructive agent been 
given. If creatures of less intelligence were to meddle with it, our 
lives and our possessions would be insecure for a single moment. 

116. Sow is caloric produced by combustion or burning? 
In all vapours, gases, and fluids, there exists a large amount of 

caloric in a latent, or hidden state. When a substance is burnt, the 
oxygen gas of the air is decomposed, and the caloric which is 
contained is set free. Some amount of caloric is also disengaged 
from whatever solid substance undergoes combustion. 

117. Sow is caloric produced by percussion? 

Caloric exists between the atoms of all bodies ; when, therefore, 
one body is struck against another, the atoms are compressed, and 
the caloric may be said to be squeezed, or forced out. The effect 
depends upon the nature of the body compressed, the force of 
compression employed, Sec. If the forco is great, considerable heat, 
attended by a spark, will be the result. 

118. A blacksmith may hammer a small piece of iron until it becomes 
red hot. With this he might light a match, and kindle the fire of his forge. 
The iron has become more dense by the hammering, and it cannot agaiu bo 
heated to the same degree by similar means, until it has been exposed in fire, to 
a red heat, la it not possible that, by hammering, the particles of iron have 
been driven closer together, and the latent heat driven out? No further 
hammering will force the atoms nearer, and therefore no further heat can be 
developed. But wheu the iron has again absorbed calorie, by being j±intfod in 
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" Yet man is borne to t rouble as the sparks fly upward. I would seek unto 
God, and unto God would I commit my cause."— Job v. 



fire, it is strain charged with latent heat. Indians produce sparks by rubbing 
together two pieces of wood. Two pieces of ice may be rubbed together until 
sufficient warmth is developed to melt them both. The axles of railway carriages 
frequently become red hot from friction. 

119. Why does evaporation produce cold ? 

Evaporation is the opposite effect to condensation. When the 
atoms of bodies are forcibly compressed, the caloric hidden among 
them is driven out ; when the atoms of bodies are expanded, as in 
evaporation, heat is absorbed. Hence evaporation is always attended 
by cold, and condensation by heat. 

120. Why are wet clothing and damp beds dangerous ? 

Because, when the water which causes the dampness evaporates, it 
take9 away a large amount of catoric from the body, reducing its 
temperature below the healthy standard. 

121. Why does eau-de-cologne give relief to persons 
suffering from fererish headache ? 

Because the spirit of the eau-de-cologne is very volatile; and 
when it is spread over the temples, it instantly flies off, bearing 
away a great amount of caloric, and affording a refreshing feeling 
of coolness. 

122. A person might be frozen to death during very warm weather, by pouring 
upon his bod.v, for some time, sulphuric ether, and keeping him exposed to a 
thorough draught of air. The winds on the borders of the Persian Gulf are often 
so scorching that travt Hers are suddenly suffocated unless they cover their 
heads with a wet cloth : if this be too toet, they immediately feel an intolerable 
cold which would prove fatal if the moisture was uot speedily dissipated by heat. 

123. Why are porous earthenware vessels used for cooling 
water ? 

Because the portion of water which oozes through to their 
surfaces evaporates therefrom, and bears away the caloric of the 
confined water. 

124. Why, if the " cooler" he placed in the sun, will the 
toater become colder than otherwise ? 

Because the heat of the sun, instead of passing through the 
cooler, is carried away by the rapid evaporation of water from the 
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" I know that whatsoever God doeth, it shall be for ever : nothing can be put 

to it, nor anything taken from it ; and God doeth it that m?n 

ahould fear before him/'— Eccles. in. 

surface of the vessel ; and in this rapid evaporation, the caloric of 

the confined water is also partly drawn off. 

The blacks in Senegambia have a similar method of cooling water by filling 
tanned leather bags with it, which they hang up in the sun ; the water oozes 
through the leather so as to keep the outward surface wet, which, by its quick 
and continued evaporation, cools the water remarkably. 

125. Why does the collision of flint and steel produce 
sparks f 

The density of the substances of the flint and steel facilitates the 
driving out of caloric by a sharp blow. If the particles of those 
bodies were soft and yielding, the caloric would simply be driven 
from one part of their substance to another. But as their atoms 
cannot easily be disturbed, the compression caused by a smart blow 
drives the caloric out at the surface, as the readiest point of escape. 

126. Why must the blow be very instantaneous to produce 
a spark f 

Because the substances of both flint and steel, and especially of 
the steel, are good conductors, and would quickly conduct away the 
excess of heat produced at any one point. But the smartness of the 
blow, while it compresses the atoms of those bodies in the highest 
degree, produces heat so suddenly that it cannot escape by 
eonduction. 

127. What an eloquent lecture might be delivered upon the old-fashioned 
Tinder-box, illustrated by the one experiment of "striking a light." In that 
box lie, oold and motionless, the Flint and Steel, rude in form and crude in 
substance. And yet, within the breast of each, there lies a spark of that grand 
element which influences every atom of the universe ; a spark which could 
invoke the fierce agents of destruction to wrap their blasting flames around a 
stately forest, or a crowed city, and sweep it from the surface of the world ; 
or which might kindle the genial blaze upon the homely hearth, and shed a 
radiant glow upon a group of smiling faces; a spark such as that which 
rises with the curling smoke from the village blacksmith's forge— or thsjfc 
which leaps with terrific wrath from the troubled breast of a Vesuvius. And 
then the Tinder— the Cotton— the Carbon ; what a tale might be told of the 
cotton-field where it grew, of the black slave who plucked it, of the white 
toiler who spun it into a garment, and of the village beauty who wore it 
—until, faded and despised, it was cast among a heap of old rags, and finally 
found its way to the tinder-box. Then the Tinder might tell of its hopes; 
bow, though now a blackened mass, soiling everything that touched it, it 
would soon be wedded to one of the great ministers of nature, and fly away on 
transparent wings, until, resting upon some Alpine tree, it would make its 
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"Tea, I will gather you, and blow upon you in tho fire of my wrath, and ye 
shall be melted in the midst thereof/'— Ezekiel xxiii. 



home among the green leaves, and for a while live in freshness and beauty, 
looking down upon the peaceful vale. Then the Steel might tell its story, 
how for centuries it lay in the deep caverns of the earth, until man, with 
his unquiet spirit, dug down to the dark depths and dragged it forth, saying, 
"No longer be at peace." Then would come tales of the fiery furnace, 
what Fire had done for Steel, and what Steel had done for Fire. And then 
the Flint might tell of the time when the weather-bound mariners, lighting 
their fires upon the Syrian shore, melted silicious stones into gems of glass, 
and thus led the way to the discovery of the transparent pane that gives a 
crystal inlet to the light of our homes; of the mirror in whose face the lady 
contemplates her charms ; of the microscope and the telescope by which the 
invisible are brought to sight, and the distant drawn near; of the prism by 
which Newton analysed the rays of light; and of the photographic camera 
in which the sun prints with his own rays the pictures of his own adorning. 
And then both Flint and Steel might relate their adventures in the battle- 
field, whither they had gone together, and of fights they had seen in which 
man struck down his fellow-man, and like a fiend had revelled in his brother's 
blood. Thus, even from the cold hearts of Flint and Steel, man might learn 
a lesson which should make him blush at the "glory of war;" and the proud, 
who dispise the teachings of small things, might learn to appreciate the 
truths that are linked to the story of a " tinder-box." 

128. Why is caloric produced by friction ? 

Because, as in the case of the flint and steel, the compression of 
the particles of the bodies between which the friction is produced, 
sets free their latent caloric. 

But, in the case of friction, another fact must be considered, 
which is, that caloric has a tendency to flow towards a point of 
excitement. Thus the first heat produced by friction would arise 
from the escape of the caloric of the surfaces rubbed together ; but 
as the action continued, the heat would increase, because caloric 
would begin to flow from the more distant portions of the excited 
bodies to the point of excitement. 

129. Why do forests sometimes take fire ? 

Because in dense woods the branches of trees, when moved by 
the violence of the winds, are rubbed together, producing the degree 
of friction necessary to ignite them. 

130. Sow can caloric be disengaged by electricity or 
galvanism ? 

A more intense degree of caloric may be obtained by the aid of 
an electrical battery, or by the galvanic apparatus, than by any 
other means. But the relation between heat and electricity is not 
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* The words of his mouth wero smoother than butter, but war was in his 
heart."— Psalm iv. 



at present understood. Electricity produces heat, and heat elec- 
tricity — the " reason why " is one of the grand problems remaining 
open for solution by those master-minds that love to pursue the 
theorems of scientific inquiry. 

131. Why is caloric produced by chemical mixture ? 
Because when chemical action takes place, the atomic condition 

of bodies undergoes a change. Whenever fluid particles assume a 
more solid form, heat is given off. When water is poured upon 
quick-lime, the water unites to the lime and forms a solid body ; 
the caloric which caused the fluidity of the water is given off, and 
a great amount of heat is evolved. 

132. What is the caloric which exists in bodies usually 
called ? 

It is called latent caloric, or, sometimes, the caloric of fluidity. 

133. Why is it sometimes called the caloric of fluidity ? 
Because, wherever it exists largely, the body in which it exists is 

in a fluid condition, and this condition is attributed to the presence 
of the amount of caloric. 

134. Why is caloric sometimes called "free ?" 

The term free caloric is applied to it whenever it is uncombined 
with any substance. If we heat a poker until it becomes red hot, 
that amount of caloric which is taken up by the poker, in excess of 
what was latent in it before, may be regarded as free caloric ; for, 
as it is not combined with the iron, it will quit it directly that the 
poker is removed from the fire, and will diffuse itself by passing 
from the poker by radiation, or by other means, and entering into 
whatever colder bodies may come within the reach of its influence. 

135. Sow can latent caloric and free caloric exist in a 
tody at the same time ? 

This may be easily explained by the familiar example of a piece 
of common bread which has been dipped in water. The bread will 
contain two portions of water — one of them in a state of combina" 
Hon, forming a part of the bread; the other only interposed 
between the particles of the bread, and capable of being squeezed 
out by pressure. 
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"As smoke is driven away, so drive them away; as wax raelteth before 1 
fire, so let the wicked perish at the presence of God."— Psalm xviii. 



136. What substances contain latent caloric ? 
Caloric in a latent state exists in all substances in nature, 

137. Do all substances contain the same amount of latent 
caloric ? 

No ; caloric combines with different substances in very different 
proportions ; and for this reason, one bod y is said to have a greater 
capacity for caloric than another. 

138. What is meant by the term " capacity for caloric?" 
If a lock of wool and a piece of sponge of equal size be dipped in 

water, the sponge will take up a larger amount of water than 
the wool, and hence it may be said that the sponge has a greater 
capacity for water than the wool. 

139. Is the capacity for caloric uniformly the same in the 
same bodies ? 

The same bodies have at all times an equal capacity fr caloric; 
but when a change occurs in the state of those bodies, then their 
capacity alters. 

Whenever a body changes its chemical state, it either combines 
with, or separates from, caloric. 

140. Why, in making butter, does it become warm at the 
moment when the cream changes from a fluid to a solid ? 

Because the heat, which was latent in the cream in its fluid 
state, becomes in some measure in excess and free when it passes 
into the solid state ; it is therefore given off, and made perceptible. 

141. What are the effects of caloric upon bodies? 

The general effects of caloric are to increase the bulk of the sub- 
stances with which it unites, and to render them specifically lighter 
than they were before ; but in whatever quantity it is accumulated 
in bodies, it never adds to their absolute weight. 

142. How does caloric act upon hard bodies to convert 
them into fluids ? 

It insinuates itself among their particles, and separates them in 
some measure from each other. Thus, ice is converted into water, 
and, by a further addition of caloric, into steam. 
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1 The fining pot is for silver, and the furnace for gold : but the Lord trieth 
the hearts."— Peovebbb xvii. 



143. Why are clocks and watches frequently affected by a 
change of temperature ? 

Because the metals of which their machinery is composed are 
expanded by heat, and contracted by cold, causing them to vary 
in their indications of time. 

144. Why do stringed instruments become out of tune 
when untouched for some time ? 

Because changes of temperature, acting upon the several parts, 
some of which are composed of wood, and others of metal, which 
expand in different degrees, interfere with the exactness of adjust* 
ment necessary to produce musical sounds. 

145. Why do glasses crack if suddenly heated? 

Because the heat, expanding their surfaces suddenly, before it 
can reach the other parts, produces an unequal tension of the 
substance, which therefore splits. 

146. Why are cut glasses more liable to crack with sudden 
heat than plain ones ? 

Because of the unequal thickness of their parts; the thin parts 
expand more rapidly than the thick ones. 

147. Why are the retorts used by chemists in their experi- 
ments made of thin glass ? 

Because the thinness of their substance favours the rapid and 
equal diffusion of heat ; they are therefore less liable to crack than 
if they were thicker. 

148. Why does the heater of an Italian iron frequently 
become too large for its case ? 

Because the atoms of the iron are held apart by the repulsire 
agency of the caloric. 

149. Why has caloric been called a repulsive agent ? 

Because it repels the atoms of which bodies are composed, and 
tends to counteract the force of cohesive attraction, by which they 
are held together in solid compact. 
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" Their hones' hoofs shall be counted like flint, and their wheels like a 
whirlwind."— Isaiah v. 



150. Some years since the walls of the Conservatoire des Arts et Metiers, at 
Paris, were found to be diverging from the perpendicular. They were restored 
to their original lines by the following beautiful expedient :— They were perforated 
transversely, copper bars were thrust through the perforations, each bar at either 
extremity being supplied with a nut and screw. Every alternate bar was now 
heated by means of a spirit-lamp flame; being heated the bars expanded, and 
the screw-nuts being now turned close -up to the walls on either side, the bars 
were allowed to cool. By cooliug they contracted, pulled the walls to some 
extent together, leaving the ends of the unheated bars protruding; their screw- 
nuts were now turned close up to the wall on either side, and the heating process 
repeated. Thus little by little the walls were restored to their original position. 
This effect is frequently observed by females in domestic life, who, when they 
are ironing, or using the Italian irons, find that the heated metal has been too 
much expanded to enter the box or tube. They find it necessary to wait until 
the cooling of the iron has had the effect of reducing its dimensions. The 
expansion of bodies by heat is one of the grandest and most important laws of 
nature. We are indebted to it for some of the most beautiful, as well as the 
most awful phenomena. And science has gained some of its mightiest conquests 
through its aid. Tet frequently, though quite unthought of, in the hands of the 
humble laundress, will be found a most striking illustration of this wonderful 
force of caloric. 



CHAPTER VII. 

151. What is the chief source of caloric ? 

The sun is the chief, and, probably, the original fountain which . 
furnishes the earth with a regular supply, and renders it capable of 
supporting the animal and vegetable creations. 

152. The amount of heat which our earth receives from the sun, and the 
economy of that heat by the laws of radiation, absorption, convection, and 
reflection, are exactly proportionate to the necessities of our planet, and the living 
things that inhabit it. It is held by philosophers that auy change in the orbit 
of our earth, which would either increase or decrease the amount of heat falling 
upon it, would, of necessity, be followed by the annihilation of all the existing 
races. The planets Mercury and Venus, which are distant respectively 37 millions 
of miles, and 68 millions of miles, from the great source of solar heat, possess a 
temperature which would melt our solid rocks; while Uranus (1,800 millions of 
miles) and Neptune (whose distance from the sun has not been determined) 
must receive so small an amount of heat, that water, such as ours, would become 
as solid as the hardest rock, and our atmosphere would be resolved into a liquid! 
Tet, poised in the mysterious balauce or opposing forces, our orb flies unerringly 
on its course, at the rate of 65,000 miles an hour ; preserving, in its wonderful 
flight, that precise relation to the sun, which causes it to receive from his life- 
inspiring rays the exact degree of heat, which, being shared by every atom of 
matter, and every form of organic existence, is just the amount needed to 
constitute the heat-life of the world I 
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1 1 will put my laws into their hearts, and in their minds I will write them."— 
Hebkbws x. 



153. Why do the axles of coach wheels become hot when 
not sufficiently greased? 

Because the friction of the surfaces upon each other creates a 
disturbance of the surrounding particles, and sets free the caloric 
which lies latent among* them. 

154. Why do the axles of the front wheels become hotter 
than those of the y hind ones? 

Because, being much smaller than the others, they revolve more 
rmpidly ; therefore a greater amount of friction takes place upon 
their axles. 

155. Why does the application of grease or oil prevent 
the development of heat in surfaces that undergo friction ? 

Because the superior mobility of the particles of fat or oil enables 
them to move freely over each other, without the atomic disturbance 
which results when dry and hard surfaces move upon each other. 

156. What are the laws that govern the diffusion of heat? 
They are— 1. Conduction ; 2. Radiation ; 3. Convection ; 4. Re- 
flection. 

157. What is the conduction of heat ? 

The conduction of heat is its transmission through a substance, 
the particles of which are fixed, either by penetrating those particles 
and being transmitted from one to another, or by permeating the 
inconceivably small pores that exist even in the densest bodies. 

Water has been forced through gold by pressure. We may, therefore, com- 
prehend how so subtile an essence as caloric may permeate the most solid bodies. 

158. What is the radiation of heat? 

The radiation of heat is its diffusion in rays to bodies surround- 
ing it, precisely as light is thrown off in all directions from a 
luminous body. 

159. Is radiated heat transmitted by the surrounding 
atmosphere ? 

No ; heat is as readily radiated from a hot body in a vacuum as 
in air. The radiation of heat and light is a peculiar and special 
law, independent of other laws that govern the dispersion of the 
elements. 
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"Drought and heat consume the snow waters; so doth the grave those 
which have sinned."— Job xxiy. 



160. What is the convection of heat ? 

The convection of heat is its distribution by the movement of the 
particles of air or water, which, becoming heated by contact with 
the calorific body, rise by virtue of their expansion, and give place 
to colder particles that in their turn perform the same office. It is, 
in fact, the conveyance of heat by moving atoms. 

161. Why does a soap-bubble ascend when first blown ? 
Because, being filled with warm air from the lungs, it is lighter 

than the surrounding air upon which it rises, 

162. Why does it descend after a time ? 

Because, having parted with its warmth in its passage through 
the air, it has become relatively heavier, and therefore falls to the 
ground. 

This conveyance of heat through the atmosphere by the soap- 
bubble clearly illustrates the important law of convection. Every 
atom of warm air, or of warm water, as it rises with a glow of heat 
in its embrace, and diffuses that heat to surrounding atoms, performs 
the part which the soap-bubble has made familiar to our compre- 



163. What is the reflection of heat ? 

The reflection of heat is the turning back of its rays by surfaces 
upon which they fell ; and is in many respects similar to the reflection 
of light. 

164 There is a curious and an exceptive fact with reference to reflected heat, 
for which we confess that we are unable to give " the reason why** It is 
found that snow, which lies near the trunks of trees, or the base of upright 
stones, melts before that which is at a distance from them, though the sun may 
shine equally upon both. If a blackened card is placed upon ice or snow under 
the sun's rays, the frozen body underneath it will be thawed before that which 
surrounds it. But if we reflect the sun's rays from a metal surface, the result 
is directly contrary— -the exposed snow is the first to melt, leaving the card 
standing as upon a pyramid. Snow melts under heat which is reflected from 
trees or stones, while it withstands the effect of the direct solar rays. In 
passing through a cemetery this winter (1857), when the snow lay deep, we were 
struck with the circumstance that the snow in front of the head-stones facing 
the sun was completely dissolved, and, in nearly every instance, the space on 
which the snow had melted assumed a coffin-like shape. This forced itself so 
much upon our attention that we remained some time to endeavour to analyse 
the phenomenon; and it was not until we remembered the curious effect of 
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" What time they wax warm, they vanish when it is hot, they are consumed 
out of their place."— Job vi. 



reflected heat that we could account for it. It is obvious that the rays falling 
from the upper part of the head-stone on to the foot of the grave would be less 
powerful than those that radiated from the centre of the stone to the centre of 
the grave. Hence it was that the heat dissolved at the foot of the grave only a 
narrow piece of snow, which widened towards the centre, and narrowed again 
as it approached the foot of the head-stone, where the lines of radiation would 
naturally decrease. Such a phenomenon would prove sufficient to raise super- 
stition in untutored minds. 

165. Why are some bodies called conductors of heat ? 
Because they are found to afford a passage to caloric. 

166. Why are other substances called non-conductors of 
heat? 

Because they less readily permit the passage of caloric, and in 
some cases they almost prevent it. 




DIAGRAM ILLUSTRATING THB DISTRIBUTION 07 HEAT. 

167. The accompanying engraving will be found to illustrate all the lavas which 
govern the distribution of heat. It represents a cannon ball, supposed to be 
red-hot. The straight lines, A, that start out in every direction from the ball, 
represent the lines of Radiant heat; the waved lines represent the tremulous 
motion imparted to the air as it rises from the ball, heated by contact with its 
. surface, and diffuses that heat by Convection ; the links of the chain, 0, become 
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"And I heard as it were the voice of a great multitude, and as the voice of 

many waters, and as the voice of mighty thunderings, saying alleluia : 

for the Lord God omnipotent reigneth."— Rev. xix. 

gradually hot by the transmission of caloric, through their substance, or by 
Conduction; I) represents a metal screen reflector, which has the effect of 
reflecting back the radiant heat ; the staple is fastened into a wooden beam, E, 
whioh, being a rum-conductor, arrests the escape of the heat by conduction 
further than the staple which holds the chain. 

168. What is the absorption of heat ? 

When heat is absorbed, it is taken up and retained, so long as 
the surrounding temperature is equal to that of the absorbing body. 
But when the external temperature falls, the body which had 
absorbed the heat throws it off by radiation. It has been found 
that the colours of bodies affect their powers of absorption and 
radiation. 

169. If, when the ground is covered with snow, pieces of woollen cloth, of equal 
size and thickness, and differing only in colour, are laid upon the surface of the 
snow, near to each other, it will be found that the relation of colour to tempera- 
ture will be as follows :— In a few hours the black cloth will have dissolved so 
much of the snow beneath it as to sink deep below the surface ; the blue will 
have proved nearly as warm as the black; the brown will have dissolved less of 
the snow ; the red less than the brown ; aud the white the least, or none at all 
Similar experiments may be tried with reference to the condensation of dew 
Ac. And it will be uniformly found that the colour of a body materially affects 
its powers of absorption and of radiation. 

170. Why do draughts of air sweep across apartments 
towards the fire ? 

Because, no sooner is fuel lighted in a fire-place, than the 
superincumbent air becomes hotter and specifically lighter ; it, 
ascends, therefore, and cold air rushes in to fill its place. Thus we 
have in point of fact a local wind ; and we see illustrated by our own 
fire-side the great law of convection which exercises so great an 
influence over every part of the globe. 

171. To the educated mind, nothing is too simple to merit attention. To the 
ignorant, few things are sufficiently attractive to excite curiosity. Knowledge 
enables us to estimate the varied phenomena that are hourly arising around us, 
and to see, even in the most trifling effects, illustrations of those great causes 
and consequences that govern with mighty power the material world. Man, 
sitting by his Are-side, is enabled to witness the operation of some of nature's 
grandest laws : light and heat are around him ; conduction, radiation, reflection, 
absorption, and convection of heat are all going on before him ; little winds are 
sweeping by his footstool, and warm currents, with miniature clouds folded in 
their arms, are passing upward before his view. Chemical changes are going 
on ; the solid rock of coal disappears, flying away as an invisible gas. The little 
" hills are melted," and hard stones have been converted into " fervent heat." 
Although some of these changes are imperceptible to the eye, they are manifest 
to the educated wind; and the pleasures of philosophical observation are aa 
sweet as a poet's dreams. 



Digitized by VjOOQ IC 



THE BEASON WHY. 37 



"Lo, these are parts of his ways: but how little a portion is heard of him? 
but the thunder of his power who can understand."— Job xxvi. 



CHAPTER VIII. 

172. Why does the rubbing of a stick of sealing-wax cause 
it to attract small particles of matter? 

Because it excites in the sealing-wax that force which was first 
observed in the amber. Sealing-wax, therefore, is called an electric 
(amber-like) body. 

173. Why is electricity termed the electric fluid ? 

Simply because the term fluid is the most convenient that can be 
found to express our ideas when speaking of the phenomena of 
electric force. But of the nature of electricity, except through its 
observed effects, nothing is known. 

174. What substances are electric ? 

All substances in nature, from the metals to the gases. But 
they differ very widely in their electrical qualities. 

175. What is positive electricity ? 

Electricity, when it exists, or is excited, in any body, to an 
amount which is in excess of the amount natural to that body, is 
called positive (called also vitreous). 

176. What is negative electricity? 

Electricity, when it exists, or is excited, in any body, in an 
amount which u less than is the amount natural to that body, is 
called negative (called also resinous). 

177. Why is "positive" electricity called also "vitreous" 
and "negative" electricity called also "resinous?" 

Because some philosophers believe that there is but one elec- 
tricity, but that it is liable to variations of quantity or state, 
which they distinguish by positive and negative; while others 
believe that there are two electricities, which they name vitreous 
and resinous, because they may be induced respectively from vitreous 
and resinous substances, and are found display forces of attraction 
and repulsion. 
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"The clouds poured oat water; the sides sent out a sound; thine arrows also 
went abroad." 



178. Upon what do the electrical phenomena of nature 
depend ? 

Upon the tendency oi electricity to find an equilibrium between 
Ob positive and negative states (assuming there to be but one fluid) ; 
or upon the tendency of vitreous electricity to seek out and combine 
with resinous electricity (assuming that there are two fluids). 

179. Sow does the equilibrium of electricity become 
. disturbed? 

By changes in the condition of matter. As electricity resides in 
all substances, and is, perhaps, an essential ingredient in their 
condition, so every change in the state of matter — whether from 
heat to cold, or from cold to heat ; from a state of rest to that of 
motion ; from the solid to the liquid, or the aeriform condition, or 
vice versa; or whether substances combine chemically and produce 
new compounds — in every change the electrical equilibrium is 
disturbed ; and, in proportion to the degree of disturbance, is the 
force exerted by electricity to resume its balance in the scale of 
nature. 

180. Mow does electricity seek to regain equilibrium ? 

By passing through substances that are favourable to its diffu- 
sion ; therefore they are called conducting or non-conducting bodies, 
according as they favour or oppose the transmission of the electrical 
current. 

181. What substances are conductors of electricity ? 

Metals, charcoal, animal fluids, water, vegetable bodies, animal 
bodies, flame, smoke, vapour, &c 

182. What substances are non-conductors ? 

Bust, oils, phosphorous, lime, chalk, caoutchouc, gutta percha, 
camphor, marble, porcelain, dry gases and air, feathers, hair, wool, 
silk, glass, transparent stones, vitrefactions, wax, amber, Ac. These 
bodies are also called insulators. Some of these substances, as 
chalk, feathers, hair, wool, silk, Ac., though non-conductors when 
dry, become conductors when wetted. 

Insulating— preventing from escape. 
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"The roioe of the Lord is upon tbe waters: the God of Glory thunder© th; 
the Lord is upon many waters."— Pialk xxix. 



183. Why are amber and, wax classed among the non- 
conductors, when they have been pointed out as electrics, and 
used to illustrate electrical force? 

It is because they are non-conductors that they display 
under excitement, the attractive force shown in respect to the 
particles of matter which were drawn towards their substances. If 
a bar of iron were excited, instead of a stick of wax, electricity 
would be equally developed ; but the iron, being a good conductor, 
would pass the electricity to the hand of the operator as fast as it 
accumulated, and the equilibrium would be undisturbed. 

184. What is the effect when electricity, in considerable 
force, seeks its equilibrium, but meets with insulating bodies ? 

The result is a violent action, in which intense heat and light 
are developed, and in the evolution of which the electric force 
becomes expended. 

185. What is the cause of electric sparks ? 

The electric force, passing through a conducting body to find its 
equilibrium, is checked in its course by an insulator, and emits a 
spark. 



SHOWING THB EFFECT OF THE UNION AND TBE SEPARATION 07 THB 
CHABCOAL POINTS. 

186. What produces the electric light? 

Currents of electricity pass towards each other along wires at 
the ends of which two charcoal points are placed. As long as the 
charcoal points remain in contact, the electric communication is 
complete, and no light is emitted, but when they are drawn apart, 
intense heat and light are evolved. 

187. What ** the cause of lightning ? 

"Lightning 1 is the result of electrical discharges from the clouds. 
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"0 Lord, our Lord, how excellent is thy name in all the earth ! who hast 
set thy glory above the heavens."— Psaim till 



188. What developes electricity in the clouds ? . 

Evaporations from the surface of the earth ; changes of tempera- 
ture in the atmospheric vapour - y chemical action on the earth's 
surface ; and the friction of volumes of air of different densities 
against each other. 

189. Why do these phenomena produce electricity ? 

Because they disturb the equilibrium of the electric force, and 
produce positive and negative states of electricity , 

190. When does lightning occur ? 

When clouds charged with the opposite electricities approach, 
the forces rush to each other, and combine in a state of equilibrium. 

191. Why does lightning attend this movement of the 
forces of electricity ? 

Because the atmosphere, being unable to convey the great charges 
of electricity as they rush towards each other, acts as an insulator, 
and lightning is caused by the violence of the electricity in forcing 
its passage, 

192. Does lightning ever occur when the conducting power 
is egual to the force of the electricity ? 

No; electricity passes invisibly, noiselessly, and harmlessly, 
whenever it finds a sufficient source of conduction. 

193. Why do electric storms purify the air ? 

Because they restore the equilibrium of electricity which is 
essential to the salubrity of the atmosphere; they intermix the 
gases of the atmosphere, by agitation ; they precipitate the vapours 
of the atmosphere, and with the precipitation of vapours, noxious 
exhalations are taken to the earth, where they become absorbed • 
they also contribute largely to the formation of ozone, which, 
imparts to the air corrective and restorative properties* 

"Ye fearful souls fresh courage take, 
The clouds ye so much dread 
Are big with mercy, and will break 
With blessings o'er your head!" 
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' The voice of thy thunder was in the heaven : the lightnings lightened 
the world ; the earth trembled and shook."— Psalm lxvii. 



194. What is ozone? 

Ozone is an atmospheric element recently discovered, and 
respecting which differences of opinion prevail. It is generally 
supposed to be. oxygen in a state of great strength, constituting a 
variety of form or condition. 

195. Why do we Tcnovo that electricity contributes to the 
formation of ozone ? 

Because careful observations have established the fact that the 
proportion of ozone in the atmosphere is relative to the amount of 
electricity. 

196. What are the properties of ozone ? 

It displays an extraordinary power in the neutralisation of putre- 
factions, rapidly and thoroughly counteracting noxious exhalations ; 
it is the most powerful of all disinfectants. 

197. Schonbien. the discoverer of ozone, inclines to the opinion that it is a new 
chemical element. Whatever it may be, there can be no doubt that it plays an 
important part in the economy of nature. Its absence has been marked by 
pestilential ravages, as in the cholera visitations ; and to its excess are attributed 
epidemics, such as influenza. It was found, during the last visitation of cholera, 
that the fumigation of houses with sulphur had a remarkable efficacy in 
preventing the spread of the contagion. The combustion of sulphur ozonised 
the atmosphere ; the same result occurs through the emission of phosphoric 
vapours; ozone is also developed by the electricity evolved by the electrical 
machine, and in the greater electrical phenomena of nature. The smell 
imparted to the air during an electric storm is identical with that which occurs 
in the vicinity of an electrical apparatus— it is a fresh and sulphurous odour. 
The opinion is gaining ground that the respiration of animals and the combustion 
of matter are sources of ozone, and that plants produce it when under the 
influence of the direct rays of the sun. It is also believed to be produced by 
water, when the sun's rays fall upon it. The most recent opinion respecting 
ozone is, that it is electrized oxygen. The subject is of vast importance, and 
opens another field of discovery to the pioneers of scientific truth. 

198. Why does electricity accumulate m the clouds ? 

Because the clouds are conductors, but the air surrounding them 
is a non-conductor ; when, therefore, electricity is excited in the 
atmosphere by any natural cause, it is received by the clouds ; it is 
probably this electric charge which prevents the water vescicles 
from uniting together and falling down in the form of rain. 
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"He Bade darkness his secret place: his pavilion round about him were 
dark waters and thick clouds of the skies." 
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199. Why do different clouds become charged with the 
opposite electricities ? 

When two bodies are rubbed together they become electrified — 
one of them positively, and the other negatively. It is very 
probable that when two currents of dry air move in different 
ways, the friction of the two surfaces may evolve electricity. 
Clouds floating in the locality of the excitement would receive the 
electricity, and thus one cloud may become charged with positive, 
and the other with negative, electricity. 

200. Why do clouds, when electrified, move towards each 
other? 

Because bodies which are charged with the opposite electricities 
attract each other — the electricities always seek to establish an 
equilibrium, and hence two electrified clouds would attract each 
other. 



TWO CLOUDS, GHAB01D WITH THB OPPOSITE ELECTRICITIES— (-1) POSITIVE 
AITD (B) NEGATIVE. 

SOL Let it be assumed that the cloud A becomes positively electrified— that it 
to say, charged with positive electricity. There is not in all nature, and there 
cannot be, such a condition as that of one body positively excited without the 
co-existence of another body negatively excited. Hence, if cloud B were away, 
and cloud A positively excited, the air circumjacent to A would assume the 
second or negative function ; but if the cloud B is present, it therefore becomes 
negative, and the two clouds A and B are mutually attracted, because opposite 
electricities, attract each other. Hence they approach until the space of air 
between the two is insufficient to restrain their mutual electric tension: thia 
condition having arrived, a discharge takes place. 
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"The Lord also thundered in the heavens, and the Highest gave his voice; 
hailstones and coals of fire." 



202. Why does a flash of lightning occur when the elec- 
trified clouds approach each other ? 

Because the air between the clouds is a non-conductor ; it is the 
force of electricity overcoming the resistance of the atmosphere 
which occasions the flash of lightning. 

208. Why does a shower of ram generally succeed lightning? 

Because the equilibrium of a certain amount of electricity having 
been restored, the clouds, deprived of their electricity, collapse into 
rain. 

204. Why does a thunderstorm sometimes cease after a few 
flashes, and a smart shower ? 

Because when the electrical exchanges occur only between clouds, 
the equilibrium of their electricities is soon restored. 

205. Why does a thunderstorm at other times continue for 
a long period? 

Because the air as well as the clouds, is involved in the electrical 
disturbance. The air with which a cloud comes in contact, being a 
non-conductor, would not lose its electricity by the discharge of 
the cloud, but would continue to supply the cloud with new 
charges; and this repeated charging and discharging would 
continue till the different strata of excited air were brough* to 
their natural state. 

206. Does lightning ever pass from the air to the earth, 
and from the earth to the air ? 

Thunderstorms usually take place between the clouds, or different 
strata of air. But sometimes when clouds charged with an opposite 
electricity to that of the earth, or of a mountain, approach it, a 
discharge takes place from the cloud to the earth, or from the 
earth to the cloud. 

207. The mingling of the electricities of the earth and the air must be con- 
tinually going on. But lightning does not attend the phenomenon, because 
all natural bodies, vapours, trees, animals, mountains, houses, rocks, Ac, act 
more or less as conductors between the earth and the air. It is only when there 
is a great disturbance of the electrical forces, that terrestrial lightning U 
developed. When lightning strikes the earth with great force, it sometimes 
produces what are called fulgurites in sandy soils; these are hollow tubes, 
produced by the melting of the soil. . 
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" Yea, he sent out his arrows, and scattered them ; and he shot out lightnings 
and discomfited them."— Psalm xviii. 



208. Why does the peal of thunder occur after the fash of 
lightning ? 

The flash and the thunder are really simultaneous ; bu as light 
travels with a velocity immensely greater than that of scund, we see 
the flash some time before we hear the thunder, 

209. How may we calculate the distance at which the 
electric discharge takes place? 

Sound travels at the rate of a quarter of a mile in a second. 
If, therefore, the peal of thunder is heard four seconds after the 
flash of lightning, the discharge took place about a mile off. The 
pulse of an adult person beats about once in a second ; therefore, 
guided by the pulse, any person may calculate the probable distance 
of the storm: — 

2 beats, \ a mile. 

3 beats, f of a mile. 

4 beats, 1 mile. 

5 beats, 1\ mile. 

6 beats, 1\ miles. 

7 beats, If miles. 

8 beats, 2 miles, &c. 

Attention should be paid to the direction and speed of the wind, 
and some modifications of the calculation be made accordingly. 
Persons between 20 and 40 years of age should count Jive beats of 
the pulse to a mile ; under 20, six beats. 

210. What is the extent of mechanical force of lightning ? 

Lightning has been proved to have struck a church, St. George's 
Church, Leicester, on the 1st of August, 1846, with a force equal to ' 
more than 12,000 horse-power. A single horse-power, in mechanical 
calculations, is equivalent to raising a weight of 32,000 lbs. one foot 
in a minute. The force of lightning, therefore, has been proved to 
be equal to the raising of 384,000,000 lbs. one foot in a minute. 
This is equal to the united power of twelve of our largest steamers, 
having collectively 24 engines of 500 horse-power each. The 
velocity of electricity is so great *that it would travel round the 
world eight times in a minute. 
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"Can any understand the spreading* of the clouds, or the noise of his 
tabernacle?"— Job xxxvi. 



211. What gives the varying character to the flashes of 
lightning ? 

Lightning is zig-zag when it travels through a long distance, 
because it compresses the air, which interferes with its direct 
coarse. 

It is straight when it passes through a short distance only. 

It is forked when, being resisted by the air, it divides into two 
or more points. 

It is slteet when the flash is distant, and is seen by reflection in 
distant parts. 

It is blue when the electrical excitement is very intense. 

212. What is thunder ? 

Thunder is the noise which succeeds the rush of the electrical 
fluid through the air. 

218. Why does noise follow the commotion caused by 
electricity ? 

Because, by the violence of the electric force, vast fields of air 
are divided; great volumes of air are rarefied; and vapours are 
condensed, and thrown down as rain. Thunder is therefore caused 
by the vibrations of the air as it collapses and seeks to restore its 
own equilibrium. 

214. What gives the varying character to the sounds of 
thunder ? 

' Its peals are most tremendous in mountainous regions. When 
interrupted in their advance by, hills, or other elevated objects, the 
reverberation of the peals is broken and irregular. 

They consist of a single and sudden clap when the storm is near, 
and when the country is level. 

They are rattling and rumbling when the forked lightning occurs 
in different directions and distances. 

215. Why is lightning sometimes unattended by thunder ? 
The absence of thunder sometimes arises from the great distance 

of the storm ; at other times from the nearness of the clouds to each 
other at the moment of the discharge, occasioning but a slight 
disturbance of the atmosphere. 
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"His lightning* enlightened the world: the earth saw and trembled/*— 

PSAXM XCVII. 



CHAPTER IX. 

216. Why is it necessary to avoid proximity to water 
and streams daring lightning? 

Because water being a good conductor, a person standing near it, 
being also a good conductor, might determine the discharge. 

217. Why is the middle story of a house the safest part 
to he in during an electric storm? 

Because lightning sometimes passes upward from the earth ; 
hence it is a mistaken notion of safety to take refuge in a cellar. In 
instances where houses have been struck with electricity from the 
earth, the force of the shock has abated as the electricity ascended. 

218. Why is the middle of a room the safest place? 
Because it is removed from conducting surfaces, such as bright 

mirrors, bell-wires, walls, cornices, &c. 

219. Why is it advisable to stand on a thick hearth-rug, or 
on a hair mattress ? 

Because, being dry, and non-conducting bodies, they would 
insulate the human body, and prevent the electricity from passing 
to it. 

220. Why is it dangerom* to approach the fire-place in 
an electric storm ? 

Because heated air, smoke, vapour, and soot are conductors ; and 
the metal grate, fender, fire-irons, &c., are all good conductors, and 
may conduct the electricity to a person standing near them. 

221. Why is it dangerous to approach a window for the 
purpose of fastening the shutters, during a thunderstorm? 

Because the iron bolts and bars, the hinges, &c., afford conduction 
to electricity, and may convey a severe electric shock. 

222. Why should a person riding in a carriage during a 
thunderstorm, sit upright? 

Because electricity may pass through the sides or back of the 
carriage. 
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" After it a voioe roareth: he thundereth with the voice of his excellency; 
and he will not stay them when his voice is heard."— Job xxxvii. 



223. The rule should be observed to avoid all devoted objects, which, as well as 
being elevated, are of a slow conducting character. The advice has been 
frequently given to avoid the neighbourhood of conducting bodies ; but when 
those bodies offer perfect conduction they convey electricity to the ground. 
Thus, to stand by or be within a church or lofty building, properly fitted with 
lightning conductors, is far safer than to stand near a tree, or a lofty building, 
without a lightning conductor, because electricity always seeks the bent con- 
ductor, and the human body being a better medium than either a tree or a 
house, electricity would fly to it, even though it may flist have seized upon one 
of the other objects. It must not be supposed that churches and houses having 
lightning conductors are not touched by electricity because no shock is felt or 
witnessed : their lightning rods are continually facilitating the movements of 
electricity, and probably passing, harmlessly, currents which, if resisted, would 
shatter the edifices to pieces. 

224 Why are lightning conductors attached to tall edifices, 
monuments, Sfc. ? 

Because they convey the electricity of the air and clouds harm- 
lessly to the earth. r 

225. Why does copper form the 
best lightning conductor ? 

Because it has been found that elec- 
■i tricity passes over a copper surface more 

ravidty than over any other. 

226. Why are lightning conduc- 
tors made to project above the objects 
they are intended to protect ? 

Because it was thought that by so 
doing they would meet the electricity, 
and attract it from the object. But 
this is found to be an error ; a conductor 
having its commencement simply on a 
level with the highest part of a building 
would be just as effective as if it extended 
into the air. It is, therefore, unnecessary 
to disfigure buildings and monuments by 

MO*T7ME*T A*D LIGHT*!** ***** ^ ^^ TQd * P™jecting from 

conductor. .them. 
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' He directeth it under the whole heavens, and his lightning unto the 
ends of the earth.' 1 



227 Why do they convey electricity harmlessly to the 
earth? 

Because electricity flies along" their substance with great velocity ; 
therefore it passes harmlessly away. It is only when its progress 
is resisted by a non-conducting body that electricity manifests 
force. 

228. Do lightning conductors attract electricity ? 

They do not attract electricity, they merely afford it a rapid 
conduction when it happens to reach them. They no more attract 
electricity than water-pipes attached to a house attract water. 

229. Why should a large building have several conductors? 

Because electricity may strike upon any part of a building. It 
is, therefore, proper to have several conductors, and to ramify their 
branches over the surface of the edifice, so as to form a perfect 
system of conduction. A ship having three masts, only one of 
which was protected, had her unprotected masts shattered, while 
the protected one remained untouched. 

230. Why should the conductors be attached to the external 
•metal work of the building ? 

Because the metal pipes, &c., would aid the conductors to convey 
the electricity away. 

231. Why should the conductors terminate in the earth ? 

Because then the electricity would be discharged from the con- 
ductors, and would have a sufficient area of escape, without creating 
a shock. It is a good plan to attach the conductors to the gas-pipes 
in the earth, or to convey them to any body of water near the 
building. 

232 Is it dangerous to stand near a lightning conductor ? 

It is not dangerous, because metal, being a better conductor than 
the human body, electricity would not leave the metal to pass 
through a worse conductor. 
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"God thundereth marvellously with his voice : great things doetb he, which 
we cannot comprehend."— Job xxxvi. 



233. When is it dangerous to stand near an elevated 
object ? 

When electric storms occur, it is dangerous to stand near tall 
objects which are indifferent conductors, because the fluids of the 
human body are a good medium, and lightning would pass through 
the body in preference to any worse mediums. 

234. What is the cause of the aurora borealis ? 

The aurora borealis arises, in all probability, from the mingling 
of the electricities in the upper atmosphere. By some they are 
regarded as arising from the passage of electricity from the equator 
to the poles. 

When they occur in the north, they are called aurora borealis ; ' 
when in the south, aurora australis. 

235. What is the cause of aereolites, shooting stars, 
meteoric stones, Sfc, ? 

Various opinions have been advanced respecting the origin of 
these bodies. 

At one time they were believed to be projected from volcanoes 
in the moon. But it ^ias more recently been ascertained that the 
lunar volcanoes are not now in an active state. 

Then arose the opinion that they were aggregations of metallic 
vapours, which, meeting in the atmosphere, solidify there, and 
fa?l; just as watery vapours solidify and descend. 

Another opinion (which appears less probable than the latter 
one) is, that they are planetary fragments, which revolve in orbits 
of their own ; that our planet encounters periodic shoals of these 
little worlds, some of which become entangled in the earth's 
attraction, enter our atmosphere, and becoming heated to luminosity 
by friction against the atmosphere, are either consumed, as shooting 
stars and fire balls, or fall to the ground as aereolites. 

236. What is the cause of the Will-o' -the- Wisps, or 
Jack-o' -Lanterns ? 

They are the result of marsh gas, or phosphuretted hydrogen 
gas, which emanates from decaying animal or vegetable substances, 
and which spontaneously ignite. 

c 2 
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" All ye inhabitants of the world and dwellers on the earth, see ye, when he 

lifteth up an ensign on the mountains; and when he bloweth 

a trumpet, hear ye."— Isaiah xviii. 



CHAPTER X. 

237. What is magnetism? 

Magnetism is the electricity of the earth, and is characterised 
by the circulation of currents of electricity passing through the 
earth*s surface. 

238. W hat are magnetic bodies ? 

Magnetic bodies are those that exhibit phenomena which show 
that they are under the influence of terrestrial electricity, and 
which indicate the direction of the poles, or extreme points, of 
magnetic force. 

239. What is Galvanism f 

Galvanism is the action of electricity upon animal bodies, and is 
so called from the name of its first discoverer, Galvani. 

240. What is Voltaic electricity ? 

Voltaic electricity is the electricity that is developed daring 
chemical changes, and is so called after Volta, who enlarged upon 
the theory of Galvani. A 

241. What are the differences between mechanical, or 
fractional electricity, Voltaic electricity, Galvanism, and 
magnetism ? 

Frictional electricity is electricity suddenly liberated under the 
^effects of the motion, or the mechanical disturbance of bodies. 

Voltaic electricity is a steady flow of an electric current, arising 
irom the gradual changes of chemical action. 

Galvanism and Voltaism are also identical, since the latter is 
founded upon, and is a development of, the former. But the term 
Galvanism is frequently used when speaking of the development of 
.electricity in animal bodies. 

Magnetism is the electricity of the earth, and is also under- 
stood to include the fixed electricity of terrestrial bodies. 

242. Han knows not what electricity is; yet, by an attentive observance of 
its effect*, he avails himself of the power existing in an unknown source, and 
produces marvellous results. When the Grecian philosopher, Thales, sat rubbing 
a piece of amber, and watching the attraction of small particles of matter to its 
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" To him that rideth upon the heavens of heavens, which were of old ; lo, he 
doth send out his voice, and that a might j voice."— Psalm lxviii. 



surface, he little knew of the mighty power that was then whispering to him its 
offer to serve mankind. And when Franklin, with the aid of a boy's plaything, 
drew down an electric current from the clouds, and caught a spark upon the 
knuckles of his hand, even he little conjectured that the time was so near when 
that strange element, whioh sent its messenger to him along the string of a 
kite, would become one of man's most submissive servants. 

243. So many great results have sprung from the careful observation of the 
simplest phenomena, that we should never pass over inattentively the most 
trifling thing that offers itself to our examination. Nature, in her revelations, 
never seeks to startle mankind. The formatiou of a rook, and the elaboration of 
a truth, are alike the work of ages. It was the simple blackening of silver by the 
sun's rays which led to the discovery of the chemical agency of light. It was 
the falling of an apple which pointed Newton to the discovery of the laws of 
gravitation. It was the force of steam, observed as it issued from beneath the 
lid of a kettle, that led to the invention of the steam-machine. And it is said of 
Jacquard, that he invented the loom which so materially aided the commerce of 
nations, while watching the motions of his wife* 8 fingers, as she plied her 
knitting. As great discoveries spring from such small beginnings, who among 
us may not be the herald of some great truth— the founder of some world-wide 
benefaction? 

244. That the area of discovery has not perceptibly narrowed its limits, is evi- 
dent from the fact that the greatest elements in nature are still mysteries to man. 
And though it may not be within the power of a finite being to unravel the chain 
of wonders that enfold the works of an infinite God— still it is evident, from 
the progress whioh discovery has made, and from the good which discovery has 
done, that God does invite and encourage the human mind to contemplate the 
Workings of Divine power, and to pursue its manifestations in every element, 
and in every direction. 

246. The wonderful force of electricity astonishes us the more when we view 
it in contrast with that equally wonderful element, light We have seen that 
light travels with a velocity of 192,000 miles in a second, but that it falls upon a 
delicate balance so gently, that it produces no perceptible effect. As far as we 
know the nature of electricity, it is even more ethereal than light ; yet, while 
the ether of light falls harmlessly and imperceptibly-even with the momentum 
of a flight of ninety-five millions of miles, the ether of electricity, bursting from 
a cloud only five hundred yards distant, will split massive stones, level tall 
towers with the dust, strike majestic trees to the ground, and instantly extinguish 
the life of man ! Why does the one ether come divested of all mechanical force,, 
while that which seems to be even more ethereal than it, is capable of exerting- 
the mightiest force over material things ? Does it not appear that the Creator 
of the universe has established these paradoxes of power to testify his. 
Omnipotence— to show to man that with Him all things are possible ; and that* 
in the grand eosmicism of the universe, every attribute of Omnipotence has 
been fulfilled? 

240. Let us now consider man's relation to this Omnipotence. He sees that 
electricity smites the tall edifies* and observes that in doing so it displays 
choice for a certain substance through which it passes harmlessly, and that its 
violence is manifested only when itspath is interrupted. Man, taking advantage* 
of this preference of electricity for a particular conductor, stretches out an arm 
of that substance, and points it upwards to the clouds ; electricity accepts the 
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' As for the earth, out of it cometh bread ; and under it is turned up as it 
were fire."— Job xxviii. 



invitation, and passes harmlessly to the earth. But this is not all ; man learns 
by observation that electricity resides in all matter ; that it may be collected or 
dispersed; that it travels along a good conductor at the rate of half-a-million of 
miles in a second of time; he constructs a battery, a kind of scientific fortress, 
in which he encamps the great warrior of nature; and then, laying down a 
conducting wire, he liberates the mighty force: but its flight must be on the 
path which man has defined, and its journey must cease at the terminus which 
he has decreed, where, by a simple contrivance of his ingenuity (the 
movements of a magnetic needle), the electric current is made to deliver 
whatever message of importance he desires to convey. Thus, the element which 
in an instant might deprive man of life, is subdued by him, and made the 
obedient messenger of his will! 



247. Why does the magnetic needle (the needle of the 
mariner's compass) point towards the north ? 

The came is not understood ; but it is believed that currents of 
electricity are always passing through the earth's surface ; and that 
these electrical currents originate in the daily heating of t/ie earth 
by the suns rays, in the direction of east to west. 

It has already been explained, that any variation of temperature 
developes a current of electricity in the bodies that undergo the 
change. (178.) 

248. If a hollow paper globe be lined 
with a revolving copper wire, and a cur- 
rent of electricity be directed through 
t the wire; a freely poised magnetic 

needle being presented to it will arrange 
itself in the direction of the poles of the 
globe, the points of the needle assuming 
the direction of right angles to the cur- 
rent of electricity. This illustration is 
supposed to accord with the phenomena 
of the earth's electricity, and the tend, 
ency of the magnetic needle to point to 
the north when the earth's electrical 
influence over it is undisturbed by extra- 
ordinary causes. It will be seen, therefore, 
that the reason why the needle points to 
the north is, that the currents of elec- 
tricity passing through the earth's sur- 
face, give to magnetic bodies that are 
free to move, the tendency to arrange 
themselves in the direction of the north 
and south poles of the earth. But why 

DIAGEAM ILLU8TEATING THE ELEC eleotpicity eiePci8es this influence OVCr 

tsical cubeexts iit THE easth. magnetic bodies is unknown. 
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"Canst thou send lightnings, that they may go, and say unto thee, Here 
wo are?'*— Job xxxtiii. 



249. Why can this tendency of the magnetic needle tie 
wade available for the transmission of signals ? 

Because, whenever a magnetic needle is brought under the 
influence of an artificial current of electricity, the influence of the 
earth's electricity over the needle is temporarily overpowered, and 
the needle arranges itself at right angles with the current passing 
near to it. This tendency in the needle is called its deflection. 
Deflection— the act of turning aside. 

250. How can this deflection of the needle be made to 
communicate telegraphic signals? 

It is only necessary to agree to the meanings of a certain set of 
signals made by the movements of the needle, and then any kind 
of information may be conveyed by it. 




Pig. B. 



251. Let Fuc. A represent a magnetic needle freely suspended, and influenced 
only by the earth's electricity, which determines its direction, and causes it to 
point from south to north, or in the direction of the earth's poles. Let B repre- 
sent the same needle, but let it be understood that a current of electricity is 
passing through a coil of wire surrounding the frame upon which the needle is 
suspended ; tho needle turns from its previous direction, and presents itself at 
right angles to the current of electricity passing through the wire. 

252. Why does the telegraphic needle turn from side to 
side, and strike against the small pins on either side of it ? 

Because, while working, it is under the influence of artificial 
electricity; it turns from left to right, or from right to left, or 
assumes a state of rest, in obedience to the nature, the force, 
or the suspension of the electrical currents, which are under the 
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"Where wast thou when I laid the foundations of the earth? declare if 
thou hast understanding. 



control of the person who works the telegraph, 
and who has the power of instantly turning on* 
or off, reversing, modifying, or strengthening the 
currents, by the aid of an ingenious machine. 

253. Why does the telegraphic needle rest 
in a vertical position, when its natural ten* 
dency is to point to the north ? 

Because, as the upright position is the best for 
telegraphic purposes, a slight preponderance of 
weight is given to the south pole of the needle, 
and this causes it to lie in a vertical plane. 

254. Whence is the electricity defined 
which is directed along the wires? 

It is derived from what are termed batteries, in 

which a powerful chemical excitement is kept up 

bbxdle. by means of zinc and copper plates immersed in 

troughs where they are submitted to the corrosive action of 

diluted sulphuric acid. It is therefore electricity evolved by 

chemical action. (See 240.) 

255. Sow is the electricity directed from the battery to 
the wires ? 

Simply by connecting, by the aid of the telegraphic machine, the 
ends of the telegraph wires with the ends of wires communicating 
with the battery. 

256. Why does electricity dart along the wires imme- 
diately the contact is made ? 

Because the electricity evolved in the battery seeks to escape, and 
the moment a conducting medium is presented to it, it flies off with 
inconceivable rapidity along the surface of the conductor. 

257. What becomes of the electricity that passes along the 
wires? 

Wherever a wire begins or terminates, it is connected with the 
earth, by being attached to a block of metal, which is buried in 
the earth. 
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' Who hath laid the measures thereof, if thou knowestP or who hath 
stretched the line upon it ? 



258. What become* of the electricity when it passes to 
the earth? 

It passes through the earth as instantaneously as it passed along 
the wire, and returns to the battery again. No matter, whether 
the distance be one mile or one thousand, a perfect electric circle 
is formed, and the electricity returns through the earth as certainly 
and as rapidly as it would have done, were a second wire laid down 
to conduct it back again. 

The end of the battery from which the electricity escapes is called the positive 
pole, and that at which it returns is called the negative pole. 

259. What occurs as the electricity passes along the wires ? 
It deflects all the needles attached to the telegraph-dials that 

are connected with the electric circle then in action. 

260. Why do the needles sometimes turn to the right, 
and at others to the left? 

Because the operator, who telegraphs the message, has the power 
of connecting the wires with either the negative or the positive 
currents. The change of the current reverses the position of the 
needle, and thus a greater number of movements, which can be 
arranged into signals, have been obtained. 

261. What is the velocity of electricity when thus trans- 
mitted ? 

It is calculated that if a perfect system of wires could be provided, 
a despatch might be sent many times round the world during 
two beats of a clock. 

262. Why are the wires suspended upon posts? 

Because they are thereby isolated from conducting bodies, which 
would bear the electricity away, and destroy the effect of the 



263. Why are *he wires at the posts passed through bells, 
or nobs of earthenware or glass ? 

Because, being non-conductors, those bodies, while they hold the 
wires firmly in their places, prevent the electricity from passing 
through the wood of the posts to the earth. 
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" Whereupon are the foundations thereof fastened ? or who laid the 
stone thereof ?*— Job xxxviii. 

264. Why are wires that are laid down tinder ground, or 
through water, coated with gutta percha ? 

Because gutta percha, is a non-conductor, and prevents the 
electricity from passing into the earth or the water. 



CHAPTER XL 

265. What is attraction? 

Attraction is the tendency of bodies to draw near to each other. 
It is called attraction, from two Latin words signifying drawing 
towards. 

266. Sow many hinds of attraction are there ? 
There are five principal kinds of attraction : — 

1. The attraction of gravitation, 

2. The attraction of cohesion. 

3. The attraction of chemical affinity. 

4. The attraction of electricity and of magnetism. 

5. And capillary attraction. 

267. Why do all bodies heavier than the air fall to the 
earth ? 

Because they are influenced by the attraction of gravitation, by 
which all bodies are drawn towards the centre of the earth. 

268. Why do bodies lighter than the air ascend ? 
Because the air, being a denser body, obeys the law of attraction, 

and in doing so displaces lighter bodies that interfere with its 
gravitation. 

269. Why do fragments of tea, and bubbles floating upon 
the surface of tea, draw toicards each other, and attach them" 
selves to the sides of the cup ? r 

Because they are influenced by the attraction of cohesion. 
Coheslon-thQ aet of sticking together. 
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" Remember that these magnify his work, which men behold. Every man 
may see it; man may behold it afar off."— Job xxxvi. 



270. Why will a drop of water upon the blade of a knife 
leave a dark spot ? 

Because the iron of the knife attracts the oxygen of the water 
by chemical affinity ; and the two substances form a thin coating 
of oxide of iron. 

Affinity— attraction between dissimilar particles through which they form now 
compounds* 

271. Why do clouds move sometimes towards each other 
from opposite directions ? and 

272. Why do light particles of matter attach themselves 
to sealing wax, excited by friction ? 

Because they are moved by the attraction of electricity. 

273. Why will a towel, the corner of which is dipped in 
icater, become wet for above the water ? 

Because a water is conveyed up through the towel, by capillary 
attraction. The atoms of the water are attracted by the threads 
of the towel, and drawn up into the small spaces between the 
threads. 

Capillary— resembling a hair, small in diameter. 

274. Why do small bodies floating upon icater move 
towards larger ones ? 

Because the attractive power of a large body is greater than that 
of a small one. As each atom of matter has inherent power of 
attraction, it follows that a large aggregation of particles must 
attract in proportion to the number of those particles. 

275. Why do clouds gather around mountain tops ? 
Because they are attracted by the mountains. 

276. Why would a piece of lead tied to a string, and let 
down from a church steeple, incline a little from the perpen- 
dicular towards the church ? 

Because the masses of stone of which the church is built would 
attract the lead. 
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"Who hath measured the waters in the hollow of his hand, and meted out 
heaven with the span, and comprehended the dust of the earth in a measure, 
and weighed the mountains in scales, and the hills in a balance ?"— Isaiah xl. 

277. Sow can man weigh the earth ? 

By observing what is called the deflection of small bodies when 
brought within given distances of larger bodies, the degree of 
attraction exercised by the large body upon the smaller one 
becomes known. The attraction of the large body exercised over 
the smaller body is an opposing influence, acting against the earth* s 
attraction of the small body, which is drawn out of its course ; it 
constitutes a natural balance between the influence of the earth 
and another body, acting in opposition to it. Founded upon these, 
and some other data, man can weigh the earth, and give a morally 
certain result ! 

Deflection—the act of turning aside. 

278. Sow can man weigh the planets ? 

The planets exercise as certain an influence upon each other as do 
two pieces of wood floating upon a basin of water. As the 
planetary bodies fly through their prescribed orbits, and approach 
nearer to, or travel further from, each other, they are observed to 
deviate from that course which they must have pursued but for the 
increase or the decrease of some influence of attraction. By 
making observations at various times, and by comparing a numter 
of results, it is possible to weigh any planetary body, however vast, 
or however distant. 

279. Sow can man measure the distances of the planets ?, 
By making observations at different seasons of the year, when 

the earth is in opposite positions in her orbit ; and by recording 
by instruments constructed with the greatest nicety, the angle of 
sight at which the planetary body is viewed : by noticing, also, the 
various eclipses, and estimating how long the first light after an 
eclipse has ceased reaches the earth, it is possible to estimate the 
distances of heavenly bodies, no matter how far in the depths of 
the universe those orbs may be. 

280. What are the opinions founded upon estimates 
respecting the magnitude of the sun ? 

The diameter of the sun is 770,800 geographical miles, or 112 
times greater than the diameter of the earth; its volume is 
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" Behold, the nations are as a drop of a bucket, and an counted as the small 
dust of the balance: behold, he taketh up the isles as a very little thing."— 

J>ATAg XL. 

1,407,124 times that of the earth, and 600 times greater than all 
the planets together ; its mass is 359,531 times greater than the 
earth ; and 738 times greater than that of all the planets. A 
single spot seen upon its surface has been estimated to extend over 
77,000 miles in diameter, and a cluster of spots have been estimated 
to include an area of 3,780,000 miles. 

281. What is the weight of the earth ? 

The earth has a circumference of 25,000 miles, and is estimated 
to weigh 1,256,196,670,000,000,000,000,000 tons. 

282. What is the specific gravity of a body It 

It is its weight estimated relatively to the weights of other 
bodies. 

283. What determines the force with which bodies fall to 
the earth ? 

Generally speaking, their specific gravity, which is proportionate 
to the density, or compactness of the atoms of which they are 
composed. 

284. Why does a feather fall to the earth more gradually 
than a shilling ? 

Because the specific gravity of the feather and of the shilling is 
relative to that of the air, the medium through which the feather 
and the shilling pass. If there were no air, a shilling and a feather 
dropped at the same time from a height of forty miles would reach 
the earth at the same moment. 

285. What is repulsion? 

Repulsion is that property in matter by which it repels or recedes 
from, those bodies for which it has no attraction or affinity. 

286. Why does dew form into round drops upon the leaves 
of plants ? 

Because it repels the air, and the substances of the leaves upon 
which it rests. Because, also, its own particles cohere. 
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"But as it is written, Bye hath not seen, nor ear heard, neither have entered 
into the heart of man, the things which God bath prepared for them 
that love him."— i. Cokikth. ii. 



287. Why do drops of water roll over dusty surfaces ? 
Because they repel the particles of dust ; and also because their 

own particles have a stronger attraction for each other than for 
the particles of dust. 

288. Why does a needle float when carefully laid upon the 
surface of water ? 

Because the needle and the water mutually repel each other. 

289. Why does water, when dropped upon hot iron, move 
about in agitated globules ? 

Because the caloric repels the particles of the water. 

290. Why does oil float upon the surface of water ? 

Because, besides being specially lighter than water, the particles 
of the oil and water mutually repel each other. 



CHAPTER XII. 

291. What is the atmosphere ? 

The atmosphere is the transparent and elastic body of mixed 
gases and vapours which envelopes our globe, and which derives its 
name from Greek words, signifying sphere of vapour. 

292. To what height does the atmosphere extend? 

It is estimated to extend to ivom forty to fifty miles above the 
surface of the earth. 

293. Why is it supposed that the atmosphere does not 
extend beyond that height ? 

Because it is found, by experiment and observation, that the air 
becomes less dense in proportion to its altitude fooin the earth's 
surface. The gradual decrease of atmospheric density observed in 
ascending a mountain, or in a balloon, supplies sufficient data to 
enable us to calculate the height at which the atmosphere would 
probably altogether cease. 



Digitized by CjOOQ IC 



THE BEASON WHY. 61 



'I therefore so ran, not as uncertainly; so fight I, not as one that beateth 
the air."— Cobinth. rx. 



294. What is the amount of atmospheric pressure at the 
earth 9 s surface ? 

The pressure of the atmosphere at the earth's surface is fifteen 
pounds to every square inch of surface. That is to say, that the 
column of air, extending fifty miles over a square inch of the earth, 
presses upon that square inch with a weight equal to fifteen 
pounds, 

295. Is that the weight of dry or moist air ? 

That is the weight of air at what is called the point of satura- 
tion, when it is fully charged with watery vapour. 

296. What is the proportion of watery vapour in the 
atmosphere ? 

The proportion constantly varies. Evaporation is not a result 
of accident; it seems an established lavs that the air shall 
constantly absorb vapour until it has reached the maximum that it 
can hold. Experiments have been tried, in which dry air has been 
pressed upon the surface of water with great force, but no degree of 
pressure could prevent the formation of vapour. 

297. What is the total amount of atmospheric pressure on 
the earth! s surface ? 

The total amount of atmospheric pressure on the earth's surface, at 
151bs. to the square inch, amounts to 12,042,604,800,000,000,0001bs. 
This pressure is equal to that of a globe of lead of* sixty miles in 
diameter. 

298. What is the pressure of the atmosphere upon the 
human body ? 

Estimating the surface of man's body to be equal to fifteen square 
feet, he sustains an atmospheric pressure of 32,40Olbs., or nearly 
fourteen tons and a half. The mere variation of weight, arising 
out of the changes in the state of the atmosphere, may amount to 
as much as a ton and a half. 

299. Why does man not feel this pressure ? 

Because the diffusion of air which, surrounding him in every 
direction, and acting upon the internal as well as the external 
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"Ascribe ye strength unto God: his excellency is over Israel, and his 
strength is in the clouds."— PsAiM ivin. 



surfaces of his body, and probably surrounding every atom of his 
frame, establishes an equilibrium, in which every degree of pressure 
counteracts and sustains itself. 

300. What is the weight of air relative to that of water ? 
A cubic foot of air weighs only 523 grains, a little more than an 

ounce ; a cubic foot of water weighs one thousand ounces. 

301. What is the greatest height in the atmosphere which 
any human being has ever reached ? 

M. Gay Lussac, in the year 1804, ascended to the height of 
23,000 feet. 

302. At an altitude of 18,000 feet the air is indicated by the barometer to be 
only half as dense as at the surface of the earth. And as the densities of the 
atmosphere decrease in a geometrical progression, the density will be reduced 
to one-fourth at the height of 36,000 feet ; and to one-eighth at 64,000 feet. The 
effects of the decreasing density of the atmosphere are, that the intensity of 
Uffht and sound are diminished, and the temperature is lowered. Persons who 
have reached a very high elevation, state that the sky above them began to 
assume the appearance of darkness; and there can be no doubt that, if it were 
possible to reach an altitude of some fifty to sixty miles, there would be perfect 
blackness, although the sun's rays might be pouring through the darkened space 
to illuminate the atmosphere. Upon the summit of Mont Blanc, the report of 
a pistol at a short distance can scarcely be heard. When Gay Lussac reached 
the height of 23,000 feet, he breathed with great pain and difficulty, and felt 
distressing sensations in his ears, as though they were shout to burst. Upon 
the high table-lands of Peru, the lips of Dr. Ischudi cracked ; and blood 
flowed from his eyelids. 

303. What is a vacuum t 

A vacuum is a space devoid of matter. The term is generally 
applied to those instances in which air is drawn from within an 
air-tight vessel. 

304. Is it possible to form a perfect vacuum? 

It is probably impossible to do so, even with the most powerful 
instruments — some portion of air would remain, but in so thin a 
form that it would be imperceptible. 

305. Why does the depression qf a pump handle cause the 
water to flow '/ 

Because the putting down of the handle lifts up the piston with 
the valve closed, thereby tending to produce a vacuum ; but the 
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" Give unto the Lord the glory due unto his name ; worship the Lord in the 
beauty of holiness."— Psalm iiix 



pressure of the air upon the water not contained in the pump, 
forces more water up into the part where a vacuum would other- 
wise be formed. Then, when the handle is raised, and the piston 
forced downwards, the valve opens, and the water rushes through. 
There is a second valve below the piston, which closes with the 
downward movement, to prevent the water from rushing bach 
again. 

306. How high will atmospheric pressure raise water in 
the bore of apwmp ? 

It will raise water to an elevation of thirty feet above its level 

307. Why will it raise water to an elevation of thirty 
feet. 

Because a column of water of thirty feet high, nearly balances 
the weight of a column of air of equal surface, extending to the 
whole height of the atmosphere. When, therefore, water is elevated 
to the height of thirty feet, the power of the pump is enfeebled, as 
the air and the water balance each other. 

308. Sow is water raised to a greater elevation when it is 
required? 

By mechanical contrivances, by which the water is forced to a 
greater elevation. 

309. Why does water run through the bent tube called a 
syphon ? 

Because the atmospheric pressure upon the water on the outside 
of the syphon forces it into the tube as fast as the syphon empties 
itself through its longer arm. 

310. Why does water run through the longer arm of the 
syphon ? 

Because the weight of the water in the longer arm of the syphon 
is greater than that in the shorter ; therefore it runs out by its 
own gravity. And, as in running out, it creates a tendency towards 
a vacuum, the pressure of the outer air comes into operation and 
forces the water through the tube. 
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' He stretcheth out the north over the empty plaoe, and hangeth the earth 
upon nothing."- Job xxiv. 



311. Why does water issue from the earth in springs ? 
Some springs are caused by natural syphons formed in the 

fissures of rocks, which, communicating with bodies of water are 
continually filled by atmospheric pressure, and therefore convey 
streams of water to the point where they are set free. 

312. Why, if a wine glass he filled with water, a card 
laid upon it, and the whole inverted, will the water remain 
in the glass ? 

Because the pressure of the atmosphere upon the surface of the 
card counteracts the weight of the water* 

313. What has the card to do with the eocpervment ? 

It forms a base upon which the water may rest, while the glass 
is being inverted; and prevents the air from acting upon the 
fluidity of the water, and forcing it out of the glass. 

314. Why can flies walk on the ceiling ? 

Because their feet are so formed that they can form a vacuum 
under them ; their bodies are therefore sustained in opposition to 
gravitation by atmospheric pressure. 

315. How did Mr. Sands perform the feat of walking 
across the ceiling ? 

By having large discs of wet leather attached to his feet, so that 
when they were placed upon a smooth surface, the air was excluded 
and when he allowed his weight to act upon one of the discs, it 
formed a hollow cup and a vacuum. By forming a vacuum of only 
twelve square inches he gained a pressure of 1801bs. ; this being 
more than his weight, he could accomplish the feat with no other 
difficulty than that of remaining in an inverted position. The air 
was admitted underneath the discs by valves, which were closed by 
springs, which being pressed by the heels of the performer, let in 
the air, and set the feet free. 

316. Why is it difficult to strike limpets from rocks ? 
Because they have the means of forming a vacuum under their 

shells, and are pressed on to the rocks by the weight of the atmo- 
sphere. 
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** For he looketh to the ends of the earth, and seeth under the whole heaven ; 
to make the weight for the winds."— Job xxviix. 

317. Why can mails move over plants in an inverted 
position ? 

Because they form a vacuum with the smooth and moist 
surfaces of their bodies, and are supported by atmospheric pressure. 



CHAPTER XIII. 

318. What is wind? 
Wind is air in motion. 

319. What are the velocities of winds t 

A breeze travels ten feet in a second ; a light gale, sixteen feet in 
a second; a stiff gale, twenty-four feet in a second; a violent 
squall, thirty-five feet in a second ; storm wind, from forty-three 
to fifty-four in a second ; hurricane of the temperate zone, sixty 
feet in a second ; hurricane of the torrid zone, one hundred and 
twenty to three hundred feet in a second. When wind flies at one 
mile an hour, it is scarcely perceptible. When its velocity is one 
hundred miles an hour, it tears up trees, and devastates its track. 

320. What are trade winds? 

Trade winds are vast currents of air, which sweep round the 
globe over a belt of some 12,000 miles in width. 

321. What is the cause of trade winds ? 

The air over the tropical regions becomes heated and ascends ; it 
then diverges in two high currents, one towards the north, and the 
other towards the south pole, where, being cooled, it again descends, 
and returns towards the equator to replace the air as it ascends 
therefrom. There is, therefore, a constant "revolution of vast 
currents of air between the tropics and the poles, producing north 
and south winds. 
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* Add God made a wind to pais over the earth."— Gbsssis vm. 

,322. W^do the trade 
winds blow from east to 
west, though, in their 
origin, their direction is 
from north to south, and 
from south to north? 

Because, as the north and 
south winds blow towards 
the equator ,they are affected 
by the revolution of the 
earth from west to east. 
As the two winds from the 
poles approach the equator, 
they are gradually diverted from their northerly and southerly 
course, to an easterly direction, by the revolution of the earth. 

323. Why is there a prevalence of calms at the equator ? 
Because, as the north and the south winds move towards the 

equator, they drive before' them volumes of atmosphere, which, 
meeting in opposite directions, resist and counterpoise each other, 
and abide in a state of stillness between the north and south-easterly 
winds, one oh the north and the other on the south of the equator. 

324. What are monsoons? 

Monsoons are 'periodical winds which blow at a given period of 
the year from one quarter of • the compass,. and in another period of 
the year from the opposite quarter of the compass. 

325. What is the cause of monsoons ? 

Monsoons are caused by changes in the position of the sun. 
When the sun is in the southern hemisphere, it produces a north- 
east wind, and when it is in the northern hemisphere, a north-west 
wind. The north-east monsoon blows from November to .March, 
and the south-west monsoon from the end of April to the middle of 
October. The region of monsoons lies a little to the nortfi of the 
northern border of the trade wind, and they blow with the greatest 
force, and with moat regularity, between the eastern coast of Africa 
and Hindostan. 
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4 He shall Wow upon them, and they shall wither, and the whirlwind) shall 
take them- away as stubble."— Ibatah zi% 



326. What determines the character of winds t 

The character of wkidft is influenced by the condition of £A« 
surfaces over which they blow. Winds blowing over dry and arid 
plains and deserts are dry and hot. Winds blowing across snow- 
capped mountains and regions of ice are cold. Winds that cross 
oceans are wet ; and those that cross extensive continents are dry. 

327. What winds are most prevalent in England? 

In England, ont of a thousand days, north winds prevail in 82 ; 
north-east, 111 ; east, 99 ; south-east, 81 ; south, 111 ; south-west, 
225 ; west, 171 ; north-west, 120. 

328. What is the cause of storms ? 

Storms result from violent commotions of the atmosphere, and 
are chiefly the result of extreme changes of temperature. 

The magnetic state of the earth, and the electrical state of the 
atmosphere, also materially influence the phenomena of storms. * 

By some persons the theory is entertained that storms result from 
various winds rushing into a centre in which the atmosphere has 
become extremely condensed. According to this theory, a storm is 
a mighty whirlwind. 

$29. A most violent hurricane occurred in 1780, which destroyed Lord Rodney's 
fleet, and a yaat number of merchant ships. It is said to have killed 0,000 
persons in Martinique alone, and 6,000 in St. Lucia. The town of St. Pierre, in 
Martinique, was totally destroyed ; and only fourteen houses in the town of 
Kingston, in St. Vincent, were left uninjured. 

330. Why do the most violent storms occur in and near the 
tropics ? 

Because there the temperature is very high, and the cold currents 
of air rushing towards the equator from the poles, causes great 
atmospheric disturbance. 

331. What are whirlwinds ? 

Whirlwinds are produced by violent and contrary currents meeting 
and striking upon each other, producing a circular motion. They 
generally occur after long calms, attended by much heat. 



Digitized by CjOOQ IC 



68 



THE BEA80K WHY. 



They shall be as the morning cloud, and as the early dew that passeth away, 
as the chaff that is driven with the whirlwind out of the floor, and 
as the smoke out of the chimney."— Hobbjl xiii. 

332. Whirlwinds occuring at sea, or over the surface of water, 
sometimes put the water in motion, and as the wind rises upwards it 
lifts with it a whirling mass of water, producing a waterspout. 




WATER, SPOUT. 

333. Why do the wings of wind-mills turn round ? 

Because the wind, striking at an angle upon the wings, forces 
them aside ; and as there are four wings all upon the same angle, 
and fixed upon the same centre, the oblique pressure of the wind 
causes the centre to rotate. 

834. There is a world of miniature phenomena whioh has never been fully 
recognised, in which we may see the mightier works of nature pleasingly and 
truthfully illustrated. 

When the wind blows into the corner of a street, and whirling around, catches 
straw, dust, and feathers in its arms, and then wheels away, flingingthe troubled 
atoms in all directions— it is a miniature of the mightier whirlwind, which 
wrecks ships, uproots trees, and levels houses with the earth. 

When a cloud of dust, on a hot summer's day, rises and flies along the thirsty 
road, making the passenger close his eyelids, and dusting the leaves of wayside 
vegetation— it is a miniature of the terrible simoom, which blows from the desert 
sands, scattering death aud devastation in its track. 

When steam issues from the tea-urn, and becomes condensed in minute drops 
upon the window pane— the miniature is of the earth's heat, evaporating the 
waters, and the cold of night condensing the vapours into dew. 
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'* The wind bloweth where it listeth, and thou nearest the sound thereof, 
but canst not tell whenoe it oometh, and whither it goeth j so is every- 
one that is born of the Spirit."— n. John in. 

When grass and corn bend before the wind, and are beaten down by its force $ 
when the pond forgets its calm, and rises in troubled waves, casting the flotilla 
of natural boats, that move upon its surface, in rude disorder upon its wind- 
ward shore— the little storm is but a miniature of those great hurricanes 
which wrecked a fleet in the Black Sea, and levelled the encampments of a 
mighty army. 

When the snow that has gathered upon the house-top, warming beneath the 
smiles of the sun, slips from its bed, and drops in accumulated heaps from the 
roof— it is a miniature of those terrible avalanches which in the Pyrenees bury 
villages in their icy pall, and doom man and beast to death. 

When the rivulet hurries on its course, and meeting with obstructions, leaps 
over them in mimio wrath, overturning some little raft upon which, perchance, 
a weary fly has alighted— it is a miniature of those rapids on whose banks the 
hippopotamus and the alligator yet live; and where, though rarely, man may be 
seen directing his raft over the troubled current, amid the rush of debris from 
forests unexplored. 

And when, in a basin of the rivulet, two opposing currents meet, and form a 
little vortex into which insect life and vegetable fragments coming within the 
sphere of its influence are drawn— it is a miniature of the roaring whirlpool, or 
the wilder maelstrom of the Norwegian seas. 

Nature rehearses all her parts in mild whispers ; for every picture that she 
paints, she places a first study upon the canvas. Man need not go into the heart 
of her terrors to understand their laws. Many an unknown Humboldt, sitting 
by the river's side, may rejoice in the "aspects of nature," and share the bliss of 
knowledge with the great philosopher. 



CHAPTER XIV. 

335. What causes the rainbow ? 

The refraction of the sun's rays by the falling rain. 

336. Why are the colours of the rainbow called 'prismatic ? 
Because they are produced by the refraction of the rays of light 

by the rain, in the same manner as they are refracted by the prism. 

337. Why do films of oil, floating upon water, display 
prismatic colours ? 

Because the varying thickness of the films produces prismatic 
refraction of light. 

338. Why do mother of pearl, the feathers of birds, the 
rings in rock crystal, Sfc, 8fc, exhibit such beautiful tints ? 

Because the peculiar condition of their surfaces refracts the rays 
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' I do set my bow lit the cloud, and it stall be {or. a token of a covenant 
between me and the earth."— Genesis ix. 



of light, unfolding as it were the coloured rays of the pencil of 
light. 

339. Why are there sometimes two rainbows? 

■ Because a portion of' the light refracted by the rain which causes 
the primary bow is reflected, and falls upon other rain drops. 

, .3140. Why is the secondary low fainter than the primary 
bow f 

■Jtecauaajt, is, .the. result of , light , twice .decompose^, whereas tn$ 
true rainbow is the result of light only once decomposed. The: 
secondary rainbow is also produced by drops of water very far off. 

f ■' | «S .... f ,( • ...,f i.. , ,|, ... ^ t . 

,.34i\, . JFJiy i* ^ order of the colours of the secondary 
bow reversed? 

Because it is a reflection of the primary bow, and, like all reflec-, 
tions, exhibits an arrangement precisely the opposite of that of 
the object reflected. 

342. What are lunar rainbows? 

Lunar rainbows are caused by the.ligjhj of, tye moon falling upon 
rain. They are exceedingly rare, ana are seldom coloured. 

343. Why. are lunar rainbows more frequent in northern 
latitudes than in our climate ? 

Because there the, moon, ; shines with a brilliancy unknown to us, 
consequently, Iwuar rainbows are more frequently produced, and are 
occasionally coloured. 

344. What is the cause of the optical illusions frequently 
observed in nature ? , 

There are various kinds of natural optical illusions :-— 

The mirage, in which landscapes are seen reflected in burning 

sands. , .\ • >. w f> r 

. The fata morgana^ in which two or three reflections of objects 

occur at the same time. 
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"And it shall come to pass, when I bring a cloud over the earth, that the 
:m»» w •.. 4. ^tow'shall'toe'seeniri'tlie clouds.*— Gsrissis ixJ~ ^ ~- ' 

The atrial spectra, or reflections in the atmosphere of terrestrial 
Objects; & M * t.,rim v.v, a .o i.. c, v. V . i «, 



ILLUSTRATING THE APPEABAJTCE OF PHANTOM SHIPS. 

The optical illusions above enumerated owe their origin to various 
atmospheric conditions, in which refractions^ and reflections are 
multiplied by the different densities of atmospheric layers. They 
chiefly occur in hot countries, where, from the varying effects 
of heat, the conditions of atmospheric refraction and reflection 
frequently prevail in their highest degree^ x '- • - " ,; 

345. What are haloes ? 

Haloes are luminous circles occasionally seen round light-giving 
bodies, more particularly the sun and moon ; they chiefly arise from 
the refraction of Ifyht by vaporous water, either in the form of 
clouds, or in a state of diffusion through the atmosphere. ' 

" "When a halo girts the moon, 
Ram may be expected soon." 

346. Why do haloes foretell that rain may be expected 
soon? ' * "** '"•-'. -.»......» 

Because they are produced by the water suspended in the air. 
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« Thou, Q God, didst send a plentiful rain, whereby thou didst confirm 
thine inheritance, when it was weary."— Psalm lxyiii. 

347. Why do large haloes indicate the more speedy 
approach of rain than small ones ? 

Because the largeness of the halo indicates that the clouds are 
near the earth, and that therefore they are likely to discharge rain. 

M A rainbow in the morning is the shepherd's warning; 
A rainbow at night is the shepherd's delight." 

348. Why is " a rainbow in the morning the shepherd 9 s 
warning ?" 

Because a rainbow cannot occur unless when the rain is falling 
opposite to the sun ; in the morning the rainbow appears in the 
west, or rainy quarter, and therefore there is a probability of a 
duration of rain. 

349. Why is u a rainbow at night the shepherd's delight ?" 

Because a rainbow at night (or, more properly, in the evening) 
occurs in the east, which, being a dry quarter, indicates the proba- 
bility that the rain will not continue long. 

350. Why do figures mewed through the hot air proceeding 
from furnaces, and from lime-kilns, appear distorted and 

tremulous ? 

Because the ever-varying density of the air which flies away 
in hot currents, and is succeeded by cold, constantly changes the 
refractive power of the medium through which the figures are 
viewed. 

351. Why do stars twinkle? 

Because their light reaches us through variously-heated and 
moving currents of air. In this case the earth is the kiln, and the 
stars the object that is viewed through the refractive medium. 

352. Why does much twinkling of the stars foretell bad 
weather ? 

Because it denotes that there are various aerial currents of 
different temperatures and densities, producing atmospheric dis- 
turbance* 
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" Is not God in the height of the heaven P and behold the height of the 
stars, how high they are? "—Job xn. 

353. Why does twilight occur before sunrise and after 
sun-set ? 

Because of the refractive effects of the atmosphere. Bays of 
light, passing obliquely from the sun through the air to the earth, 
are refracted three or four times by the varying density of the 
medium. Each refraction bends the rays towards the perpendicular; 
and hence we see the sun before it rises and after it sets. 



DIACHUH EXHIBITING THB BEFBACTIOtf 07 THB SUff'S BAYS US FA8SI1TO 
THROUGH THB A.TM06PHBBB. 



CHAPTER XV, 

354. What is rain? 

Bain is the result of the condensation of the vapours forming the 
clouds, which, as drops of water, fall to the earth. 

355. Why does the vapour of the clouds condense? . 

The most obvious cause is the effect of cold winds or currents, 
acting upon the warmer vapour, and resolving it into drops of 
water. * 

356. When is a cold current of air likely to produce 
rain ? 

When the atmosphere is fully charged with vapour; that is, 
when it has reached the point of saturation. 
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M When ye see a cloud rise out ot the west straightway ye say, £hen » 
cometh a shower and so it is. And when ye see the south wind blow 
ye say, There will be heat; and it cometh to paas/'^LgKB TJT.. „, 

357. What is the point of saturation ? 

»• .. i 
It i» that state, /of the air when it has taken up as much vapour 
as it can sustain, 

3.5^. Inwiiai seasons of'tlie ye)ar does evaporation chiefly 
take place ? 

In spring and summer. The relative amount of evaporation for 
the four seasons mjQy be thus stated : spring, 8 inches ; summer, 
11 ; autumn, 6 ; winter, 3. 

359. Why is there greater evaporation in spring and 
summer than in autumn and winter? 

Because the temperatures of spring and summer are higher than 
those of autumn and winter. 

360. Why are, drops of rain that fall in low districts 
larger than those that fall upon elevated places ? 

Because the drops meeting with, each other in iheir descent/ 
unite and form larger drops, and they also unite with the vapour 
ascending from the earth. 

361. From what atmospheric heights does rain descend t 

The cirrus clouds, which are the highest, are said to float at a 
height of 24,000 feet, At this elevation the clouds must, .exist Jn 
the state, o^AvVerff^fina, anaw;; .ft* other h clouds varv in then* 
altitudes from 20,0pp ;i jfeet,^ 1 IQ.OQO, 5,000, &c.V down to We 
stratus and the nimbus, the lowest clouds, which frequently touch 4 ' 
the earth. * The j most .frequent rain-forming altitude is probably 
from 5,000 to 10,000 feet. 

868. TW'e8tfcnated«hetehtB rgMren *nw t fce, looked. upon, .as very conjectural, 
although they have been derived from, the best existing authorities. It is : 
sufficient to know that the range of the altitude of the various clouds is .from «/ 
thafrftf the, JVttn^or QwdertUmd, 1,500 feeMo that of the Cirrus, 24,000 
feet, the others being intermediate*' The first three of th* clouds, enumerated 
at 483, constitute what are called the primary forms. The remaining four are _ 
called wmdary forms, because they arise, as their names generally indicate "* 
out of combinations of the prima** formul «Alt*ougJ^ frpm tfe% fayteyt 
mingling of clouds, it is jwtif^wajs^prae^ca^U^ identity t*flm,py the ajiopted 
classification, still, as there is generally a prevalence of one type of cloud over ^ 
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another, the observer will be able to distinguish a " Cirrus-sky," or " Cirro- 
cumulus iky" Ac. Upon- some occasions thfr typical characters of the 'clouds 
are beautifully defined; and the contemplation of their forms, and the laws of 
their formation, affords infinite pleasure-to 'the 'observer. "The* advantages of 
scientific knowledge are such; that* whetHer you took downwards to the earth, 
or upwards to the sky, you have still the writing of God to read*' 

363. flFhy ore showers, wfien fee rafn-drops are large, 
unlikely to continue ? 

fiecause the, largeness qf the drops show that the clouds are flying' 
at a considerable height, and it" is therefore probable "that a cold 
current of air has suddenly condensed their vapour. The cause 
being temporary," the effect wjjl not continue long. 

364. Wny does rain sometimes "drizzle?" 

N Because the clouds producing the rain are very near to the earth, 
so J that ! the drops have iiol; time to unite in ineif 'short* fteWent.' ' 

365. Why are drizzling rains likely to continue long? 
Because they proceed from clouds flying near to the earth, and 

they therefore show the probability that the air is at the point of 
; saturatlOn: M ' ' ' J 0iU M%0 '* J -" * «' ■"■ • "' "'*" " '••'■- 

• 366. Why are mountainous districts rainy? 

Because the mountains attract tKe .clouds, and the summits of 
mountains being usually cold, contribute to the condensation of 
the vapours. 

367. Why do winds influence the fall of rain ? 

Because if they JSKw from "a "dry quarter, they disperse the 

vapour of the clouds ;. if they J>low from a wet quarter, they add 

vapour to that already existing ; tf tKe'y mow froihV cold 'quarter, 

^Uef condense {he'^ou^ ff ibey'blbw t^m^wkrh^aM dry 

'gW^they^^^ W* tf 

they blow from si warm MUnlr)}, anft'cWss W'ocMf, tMJJrHjHen 

*'Becdiffe v loaded with moisture; Which they discharge 'upon reaching a 

''ctyder ^itudeV < '' ' * Vi !v ' "''* ,n v,i> ul >"-**" '»* < >*« •»'« 

M The south wind always brings wet weather, 
' The -north* wtasV wet -and eok* together . 
The west wtnd «lway«"brfo*8< <us Taki j 
' TO* east wind Mows HObadk agalWn 
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* Oat of the wrath oometh the whirlwind; end cold out of the north."— 
Job xxxvii. 



368. Why does the south wind bring wet weather ? 
Because it blows across the' South Atlantic ocean, and being- 

warmed by the tropical heat, takes up a great amount of moisture, 
which it precipitates as it becomes cooler. 

369. Why does the north wind briny wet and cold together ? 

Because it comes over the cold and frozen regions of the Arctic 
ocean, deriving moisture from the ice and snow over which it blows, 
and when it mingles with and cools the air of our latitude, the 
amount of vapour is too great to be held in suspension, and is 
precipitated in cold and uncongenial rains. 

370. Why does the west wind bring us rain? 

Because it comes from warm regions across the Great Atlantic, 
out of whose bosom it drinks the vapour which it afterwards pours 
down in refreshing showers. 

371. Why does the east wind "blow it bach again?" 

The east winds come to us across the vast plains of Northern 
Germany. In the latter part of the spring those plains are exceed- 
ingly cold, and the east winds are found to be very severe. Although 
cold, they do not bring rain, because their track has been over a 
vast area of land. 



CHAPTER XVI. 

872. Why are drops of rain spherical ? 

Because the particles of water of which they are composed are 
held together by cohesion; they attract each other, and thus 
arrange themselves around a common centre. 

878. If a small stick be dipped in water, or any other fluid, and drawn out 
again, a drop will be found hanging at the end of it in a spherical form. The 
drop is spherical, because each particle of it exerts an equal force in every 
direction, drawing other particles towards it on every side so far as its influ- 
ence extends. Thus the very formation of drops obviously demonstrates that 
there must exist a cause which produces this effect. This cannot be gravity, 
for that is rather an obstacle to the formation of drops ; since by the weight of 
the particles, large globules resting on solid bodies are scattered, and their 



Digitized by VjOOQ IC 



THB BEASOK WHY. 7? 



* He caused an east wind to blow in the heaven; and by his power he 
brought in the south wind.**— Psajjc lxxyiii. 



regular apherioal form prevented. To explain this phenomenon, there remains 
only the power of attraction, acting between the partioles of the liquid body, for 
if it be supposed that the particles of a substance reciprocally attract each other 
with equal force, and their aptitude for being moved upon one another be great 
enough to overcome any impediment to their motion, it follows, by the princi- 
ples of mechanics, that the equilibrium of the attractive forces only takes place 
when the mass has received a globular form. Hence it is that all liquid bodies 
assume a spherical form when suffered to fall through the air. 

374. Why are shot manufactories furnished with very 
high towers? 

Because shot are made upon the same principle as that which 
forms spherical drops of ram : the melted lead is scattered from 
the interior of the tower at its summit, and as the liquid metal falls 
it forms into spheres, cools, and hardens, forming round shot. * - 

375. Why do large drops of rain, when they strike the 
earth, become scattered in smaller drops? 

Because the force with which the large drops strike the earth, 
after falling from a great height, is sufficient to overcome the 
cohesion of their particles. But when that force is expended, the 
scattered drops again immediately form spheres, by the cohesion of 
their atoms. 

376. Why do drops of rain unite in little streams, and 
then in larger ones, and run downwards? 

Because, wherever drops of water meet, they immediately unite 
by cohesion; and they also obey the law of gravitation, which 
draws them towards the earth. They therefore run through any 
downward channel until they find a level from which they cannot 
escape. 

377. Why is rain water nearly pure? 

Because, being distilled by evaporation from the waters of the 
earth, it is freed from every hind of animal or mineral matter, 
by which the water from which it was derived might have been 
contaminated. 

" If the sun in red should set, 
The next day will be free from wet, 
But if the sun should set in grey, 
The next will be a rainy day." 
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* In the morning ye say, Jt will be to ul. weather to-day, for the *ky is «d 
and JMrertng/?-.iUTT. xvj. ^ 
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378. Why « ifthei*un in red Mould eet," trill ■>" tkenext 
day he free from wet?" 

Because the amount of vapour floating in the air refracts the 
beams of the sun, and more freely transmits the red rays of light 
than the other coloured raya. Jt 5 is the degree of moisture in the 
atmosphere which affects the refraction of the'light; and when, the 
red Tays of evening are freely transmitted, the amount of ^moisture 
does not approach the rain point. 

See the Chapters on liight. 

879. Why "if the mn should ,^et y m • grey 9 " Mil "tie 
next be a rainy day? 91 

Because the greynesstrf the clouds- Senates that' the atmosphere, 
though warm with the rays of sunlight, is chained vwith vapour 
beyond that degree which. transmits the red rays of light, and 
therefore the excess of humidity will probably soon mil as rain. 

" An evening red, and morning grey, 
Will set the traveller on his way; 
Bat an evening-grey, and a morning jped, 
Will pour down rain on the traveller's head." 

380. Why will " an evening red and morning grey ^ set the 
traveller on his way ?" 

Because the redness of the sunset indicated that the atmosphere 
was charged only with light clouds, and that the cold of night has 
condensed those clouds, causing them to appear grey; still, when 
the warmth of the sun strikes wpon them, they will be dispersed, 
and no rain will mil. ' ' 

381. Why will " the evening grey and morning red > pour 
down rain on the* traveller?*. head?" 

'Because the greyness of the evening showed, the air in the west 
to be fidly charged with moisturei and as the sun rises' in the east 
displaying a red sky, it shows that the humidity extends also to the 
east, or dry quarter, and that therefore rain may be expected. 

These explanations of old- weather, proverbs are UaWe.to certain modifica- 
tions, as are the proverbs themselves. The direction of the wind, its tem- 
perature, the elevation of the sun, Ac., Ac, will necessarily be found to affect 
the prognostics of a morning- or evening -sky. 
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' "When it is evening ye say, It will be fair weather, tor the sky is red."— 
Matt. xyt. 



S8%.Wkat are mist*?* 

Mists are formed by the condensation, of invisible vapour into 
minute drops of water near the -earth's surface. They may be 
regarded as unprecipitated dew. 

See Dew and the Radiation of Heat. " 

383. Why do mists sometimes appear to float a short 
dvitahee from the ground ? 

Because the earth is then warmer than the stratum of air which 
lies immediately above it. 

384. * Why do we frequently see what are called " creeping 
mists," while the air above them is quite clear; and the- 
ground -comparatively free from 'dew ?• • 

Because during the night the earth commences the radiation of 
its heat, and cools the air lying immediately over its surface. But 
the air being calm, the condensed vapour, instead of passing away, 
and allowing the radiation of the earth to continue, whereby it 
would be further cooled, and the moisture precipitated as dew, forms 
a stationary stratum of 'cloud bv'er the ground, preventing its 
further loss of heat. The mist, therefore* becomes pqised i between 
the still superincumbent air, and the drier air upon the earth's 
surface.* 

385. Why, as the sun rises, do the mists disappear? 
Because the warmth of the sun again affects the temperature of 

the atmosphere, and the 1 vapours which had been rendered visible 
by'eondena*t»n'Bgain become rarefied: 1 

366. ' W"%y do mists continue to appear and disappear 
several days in succession t 

Theircontfouance depends, upon the duration of calm weather, 
and the same alternations of • temperature. As long ,as a still 
atmosphere prevails, with similar variations from the, wamnth of 
day to the cold of night, mists continue. But when winds arise, 
and the accumulating clouds in the higher atmosphere check the 
foifriafcwn of dew' and vapour near the earth, and gradually gather 
for 'the ^oodsetionv of rain, then the mists ceases 
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w For the Lord said unto me, I will take my rest, and I will consider in 

my dwelling-place like a clear heat upon herbs, and like a cloud 

of dew in the heat of harvest.*'— Isaiah xviii. 

387. Why do mists indicate the continuing of rain t 

Because they show that the air is charged with moisture, which, 
upon a change of temperature, will be precipitated. 

388. Why are mists frequent in the neighbourhood of the 
sea, and near marshy places ? 

Because the temperature of water is frequently higher than that , 
of the surrounding air. The water therefore evaporates, but when 
it rises on the air it is immediately condensed, and forms mists. 

389. Why is water frequently warmer than the sur- 
rounding air? 

Because water takes up the warmth of the earth, and it does not 
radiate heat freely from its surface. 



CHAPTER XVII. 

390. What is snow? 

Snow is the watery vapour of the clouds gradually frozen, its 
particles being arranged in crystalline forms, similar to those of 
hoar frost. 

391. What is meant by the snow line? 

The snow line is the estimated altitude in all countries where 
snow would be formed. Even at the equator, at an altitude of 
11,000 to 12,000 feet from the level of the sea, snow is found upon 
the mountain summits, where it perpetually lies. As we proceed 
north or south from the equator the snow line lessens in altitude. 
Had we in England a mountain 12,000 feet high, it would be 
perpetually crowned with snow. 

392. What is red snow? 

Bed snow is the name given to the snow in the arctic regions 
upon which a minute vegetable (probably the Protoccus nivalis) 
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"He giveth snow like wool: He scattereth the honr frost like ashes."— 
Psalm cxlvii. 



grows, imparting to the snow a red colour. Recent microscopic 
investigations have shown it to consist of a minute vegetable cell 
which secretes a red colouring matter; 



CBY8TALS OF SNOW, AS SEEN TELBOUGH A MICROSCOPE. 

393. How may the crystalline forms of snow be easily 
observed ? 

By catching them as they fall upon the sleeve of a black mantle, 
or the crown of a hat. Their curious structure may then be seen. 

394. Why does snow keep the earth warm? 

Because it forms a woolly covering of a nature that will not allow 
the warmth of the earth to pass away ; nor will it suffer the cold 
frosts to penetrate the soil. 

395. Why cannot the warmth of the earth escape through 
the snow ? 

Because snow is a bad conductor, just as a carpet, or blanket, or 
any kind of woollen texture. It has, in fact, been frequently called 
"the snow blanket." 

396. Sow do we know that snow keeps the earth warm ? 
Because a thermometer placed in the earth, underneath the snow, 

has been found to*stand several degrees higher than a thermometer 

D 2 
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M Hast thdti entered iiito the ! treasured of the : snow for fias^thbn' i 
the treasures of the hail ?••— iJd b tttvtii. 



also placed in the earth, but having the 'snOw removed. '' If snow Be"'- 
swept' away from the earth in frosty weather, the' moist earth will » 
be found to freeze to a considerable depth, while' that which is '' 
covered with snow will be protected from such severe effects. 

397. wfls^M^'Wtf^ earth 

being preWtiffli/'y'ihe" 

It prevelffis i*ee^sVl>uibs/ by 

severe frosW*Tenm blddes oT^la^Hha^^dlM^e^niJ^ed by 
the frosts, %offlfitee 'to 1 <fcri>w %mTe xl %ov^e<l< , wi«fi fc %nW^nBid find 
protection %4ts^aM 7 tovei*n£^ 

898. Snow tfferfjfiHo hefo ^<£fer impdrtandetb inatt^ttkan 5 ® gMftdly sup- 
posed. But,TO&6ugl?jn $hte edtfnfcry we are enable* «o» reodgnfift^tnihand of 
Providence ifi ^#rt*fhe*re ; are*latltudes whereiri tfte Wei^ng't&ttkc^erred is 
more deeply TOtr ."In $cti Countries as CanM^T^eJ^^alhd^ito^^e failing 
of snow is lbjJpTfo/wifo^^ which 

herald the «*harve^6me*of EnPtn^/oV tne^Virita|j^Of r^nfceTtfo sooner 
is the ground covered with snow, than cranky old vehicles that had been jolting 
over rough roads, and sticking fast in deep ruts of mud, are wheeled aside, and 
swift sledges take their place. Towns distant from each other find an easy 
modcfof^commuuitoation^the markets are enlivened, and trade thrives. .Snow 
supplies a kind of railroad, covering the entire face of the country, and sledges 
glide over it, almost with the speed of the locomotive. 

399. Why are snow flakes so light t 

Their lightness arises from the 4 extent of their surface 'being so 
great in proportion to the very small amount of substance which 
they contain. It is from this peculiarity that snow clouds will float 
in the higher regions of the atmosphere. The beautiful cirrus 
clouds are probably all formed of snow, as they float far above the 
snow ^UneJ Ss 

400. Bias the congelation ofssnow ever been witnessed f 

Yes; thcfre are several very interesting eased upon frecord. A ! 
company of persons were met in an assembly-room in St; Petars L " 
burg — it was winter time, and the room was much crowded. A 
gentleman accidentally broke a pane of glass, when a stream of 
cold air rushed in, and threw down the moisture of ihe breaths* bf 
the company in snow flakes. ' 
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' 4* . unow } in b wunjner, , and as , rain , in • ,hapreat ; so Jionour is not seemly 
tor a.fppl.' — £boveb$s xxvi." 



,Hv,was stated Jbyaj party pf .Pitchmen, w^o., wintered in Nop 
Zembla, in the Arctic ocean, that whenever they. went into the 
open air, the moisture of their breath was converted into snow 
flakes every time they breathed. 

And it is stated by those who have travelled among the 
t Esquimaux, who live in-.snGwhuis, that^when tbe.cold^air .raphes 
into their , ^dwellings, snow flakes .are farjnad, 

401. Why should we not throw salt upon the snow "before 
our doors in winter? 

Because the salt, having a chemical affinity for water, dissolves 
the snow, and produces a, kind of brine. But the temperature of 
this brine is considerably lower than that of ice or snow ; and it 
produces a very unpleasant and ch^ng,. effect jUjjpn #ie/$e>et of 
Abase f who fread unon. v it. 

402. Why does the sunshine frequently feel very hot when 
snow is on the grpuna]? 

Because the .moisture of the atmosphere haying ^een thrown 
down in the form of snow, and the cold of night continuing to pre- 
cipitate the vapour of the air in the i form of hoar frosts, there 
arrives a period when -the air is free from such an amount of vapour 
as could form mist or cloud to intercept the sun's rays. There 
tjien prevails a clear dry atmosphere, through which the solar heat 
strikes with considerable power. 

The white surface of the snow also reflects the sun's rays. 
Therefore in clear .snowy* weather jthe,air is .frequently felt., to be 
% 3i»nsnaUyJto)t. 

403. When there has been a slight fall of snow, followed 
i by a* northerly gale, why, does y the snow disappear .without 



Because snow, though it is congealed, evaporates, and in the case 
mentioned' the whole of the snow passes away by evaporation. 

404. Why may snow be- formed into' hard snow-balls? 
Because the numerous fine points of crystals , when the snow has 
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For he saith to the snow, Be thou on the earth: likewise to the small 
rain, and to the great rain of his strength."— Job xxxvii. 



been gradually formed, intersect each other and bind the snow into 
a compact mass. 

405. Why will not the snow bind into snow-balls some- 
times? 

Because it has been congealed rapidly, and the crystal points, 
instead of being well developed, are imperfectly formed, like those 
of hail. 

406. What is sleet? 

Sleet is only a modification of snow, which, in falling, has met 
with a warmer current of air than that in which it congealed. It 
therefore partially melts and forms a kind of wet snow. 

407. What is hail? 

Sail is also the frozen moisture of the clouds. It is probably 
formed by rain drops, in their descent to the earth, meeting with 
an exceedingly cold current ofair^hj which they become suddenly 
frozen into hard masses, not having time to crystallize. 

408. Why does water in freezing expand ? 

Because, when water freezes, its particles become arranged in 
crystalline forms. These crystals cross and intersect each other, 
and cause numerous interstices. Therefore, though the water parts 
with much of its caloric becoming ice, the arrangement of its 
atoms into crystals causes it to become of greater bulk. It also 
contains numerous air bubbles. 

409. Why does ice float upon water? 

Because, as it expands in freezing, it becomes specifically lighter 
than water. 

410. Why does the surface of the water being frozen 
prevent the frost extending to the depths of the water ? 

Because ice, like snow, is a bad conductor of heat; the coating 
of ice therefore tends to keep the subjacent water warm. 

411. Why is ice generally full of avr bubbles ? 
Because, in freezing, some of the atmospheric air which is held in 

solution in the water becomes imprisoned. 
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" The waters are laid as with a stone, and the face of the deep is 
frozen."— Job xxxvm. 

412. Why is the ice which is found in agitated water* free 
from bubbles? 

Because, during the agitation of the water, the air finds an 
opportunity of escaping as the process of congelation advances. 

413. Why is ice considered to be the simplest state of 
water? 

Because in water there exists a considerable amount of caloric 
which is given out when water freezes ; and air and some extra- 
neous matters are expelled when water congeals. 

414. Why do vessels and pipes in which water is confined 
burst when the water freezes ? 

Because the force exerted in the freezing of water is great and 
irresistible. The expansion of water in becoming ice is one of 
Nature's grandest laws, which she enforces with the greatest 
majesty. In the mountains of Switzerland, and in other countries, 
the rocks are frequently rent by the force of ice ; and in severe 
winters the noise of the splitting of the crags is sometimes as loud 
as thunder. 

415. Why are the poles of the earth wrapped in ice? 

Because the sun's rays fall obliquely upon the polar extremities of 
the earth, by which the intensity of their heat is greatly diminished ; 
and also because of the great length of the winter nights, which 
prevails throughout one-half of the year. 

See Radiation of Light and Heat. 

416. Does ice exist in great density at the poles? 

Tes ; its density at the polar regions is very great. Even in less 
severe latitudes the ice is so hard that the tools used in cutting it 
have frequently to be repaired. 

417. Bishop Watson, in his Chemical Essays, gives the history of the marriage 
of Prince Gallitzi, of Russia, in 1739. The Russians built, for the celebration 
of the marriage, a palace in which ice served the purposes of stone. It consisted 
of two magnificent apartments; and even many of the articles of furniture 
were made cf ioe. Some cannon, of ice, were fired more than once 
without bursting. 
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• And God made two £reat lights ; the greater light to rule the day, and 
the lesser light "to rute ( jbhe night : he made the stars ! aTs6.*-^GrEir; I. ' 



418. Why a\es frpyt $enej§t /alloy} soils ? 

Because it expands the clods, and causes them to, break and 
crumble into fine dust, exposing their matter to the air, enricnirig 
them by the absorption of gaseous matters.' ' 

419. Is ice the only instance of water existing in a state of 
solidity ? 

No ; water becomes still more solid in combination with lime 
and other earths. 

420. Why does water become more solid in these com- 
binations ? 

Because i<< parts wi$h more of its caloric than in, the process of 
freezing, and is therefore the further removed frbmfts natural state 
of fluidity. 

CHAPTER XVIII. 

.421. What, is dew? 
• Dew is condensed vapour. 

422. What causes the condensation of the vapour which 
forms dew ? 

When the, sun sets, the earth, and tike various objects upon its 

. surface, begin, to cool. They throw off, by radiation, some of the 

heat which they received during the day, and, becoming cooler than 

. the surrounding air, they condense^ the vapour of that' portion 'of 

the air which comes in contact with them. 

• i . ■ ■ ■ i. , i •., 

423. Why do some t bodies > become wetter with dew than 
others t 

.Because substances differ in their powers of radiation. Those 
which radiate the least heat remain comparatively warm, ami do 
not favour the formation of dew upon their surfaces ; while those 
which radiate most heat become cold, and cause the moisture of die 
air to settle upon .them. 

^4^4. Why is there more dew formed during some nights 
than on others ? 

Because of the variation in temperature, and the manner in 
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" And there are diversities of operations, but if is the same God which 
worketh in alL Nr ~~CoBiHTHiAtf s xii. 

which those variations affect the relative heat' of the earth, and the ; 
air in which the vapour is suspended. 

425. Is the formation of dew the 'cause, or \he effect, of 
cold? 

It is the effect of cold. The coldness of the booties with which 
the, air comes in contact causes the vapour to condense, 'and form 
dew-drops. l 

426. Does the formation of dew tenStto'hobl or wkrm the 
air? 

It tends to warm the air, by lessening the quantity of watery 
vapour boating in it, and by giving to 'the air the latent heat 
which the vapour contained. 

427. Upon what substances' does dew form motf freely f 

Upon woolly, rough, and fibrous substances, sucn as'ihe wool of * 
animals, the leaves of plants, blades of grass, &c. 

428. Upon what substances does dew form least freely ? 
Upon smooth surfaces, such as those of metal, stones, and glass 

429. Why does dew form upon rough surfaces mtire freely 
than upon smooth ones ? 

Because rough g^in^s. radiate heat^reeiy, and dause their sub- " 
stances to become cooled • while smooth surfaces radiate less heat, ' 
and, therefore, their temperature does not fail in the same degree. 

430. In what way does the radiation of heat from the eafth * 
bynighixlluslraiethe Divine wisdom? ' 

If the heat received by day were not radiated back: by night," 
the'eafth/acquiring an addition of heat* every day, \toould 'soon 
become so hot as to be unendurable by the vegetable and animal 
kingdoms now existing upon it. 

431. Why does' the radiation of heat from! r6ug% surfaces • 
exhibit the * Divine wisdom? 

Because it causes the deposition of dew upon grass^plants, and 
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"Thou visitest the earth, and waterest it: thou greatly enriohest it with 

the river of God, which is full of water : thou prepareat them corn, 

when thou hast so provided for it."— Psalm xly. 

trees ; but upon barren rocks, gravel walks, and bare and hard soils, 
where dew would be of no benefit, it does not form. 

432. Why does little dew form at sea? 

Because of the low radiating power of the smooth surface of 
water ; and also of the tendency of the water that has become cooled 
to sink, and allow warmer portions to rise, by which the tempera- 
ture of the surface of the sea is seldom greatly or suddenly reduced, 

433. Why is little dew formed on windy nights ? 

Because the air, being kept in rapid motion, does not remain long 
enough in contact with cooling surfaces to deposit its vapour. 

434. Why does a gentle breeze favour the formation of dew? 

Because, while it allows each stratum of air to remain in contact 
with the cold surface of the earth long enough to deposit its mois- 
ture, it brings fresh strata to the earth, by the movements of the 
air; and as these fresh strata bring additional moisture, there 
results an increased formation of dew. 

435. Why is a very calm night less favourable to the 
formation of dew than when a gentle breeze prevails ? 

Because, through the stillness of the air, the same portions of the 
atmosphere remain in contact with the earth's surface; conse- 
quently, there is not so much vapour presented to the cooling 
bodies as when the air is in gentle motion. 

436. Why are clear and starlight nights favourable to the 
formation of dew ? 

Because the radiation of heat from the surface of the earth is not 
checked by the intervention of the clouds. 

437. Why does the intervention of the clouds cheek the 
radiation of heat from the earth? 

Because the clouds act as secondary radiators; they receive the 
radiated heat of the earth, and return it, by which the degree of 
cold that would otherwise occur upon the surface of the earth is 
tonsiderably modified. 
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' The Lord is my shepherd, I shall not want. He maketh me to lie down 
in green pastures."— Psalm xnni. 



ILLUSTBATIO* OF THE VOBMATIOIT OF DEW. 

488. If plates of glass be laid over grass-beds, as in the engraving, no dew 
will be deposited on the grass underneath the glass plates, although all around 
the grass will be oompletely wetted. The explanation is that the glasses, being 
radiators of heat, act in the same manner as the clouds, returning the heat to 
the bodies underneath them, and preventing the formation of dew thereon. 
It has been observed that sheep that have lain on the grass, during the forma- 
tion of dew, have their backs completely saturated with it, but that underneath 
the line where their bodies turn to the earth, their coats are dry. In the same 
manner glass globes suspended in the air, on dew-forming nights, will be found 
loaded with globules of dew upon the top, but there will be no appearance of 
moisture underneath. 



CHAPTER XIX. 

439. Why is there little or no dew formed when the clouds 
are dense and low ? 

Because then the heat radiated by the clouds to the earth is con- 
siderable, and prevents the cooling of the surfaces upon which dew 
usually forms. 

440. Why is there an increase of dew when the clouds are 
very high in the atmosphere ? 

Because the radiating effect of the clouds diminishes with their 
distance from the earth; and when they are far away, it is 
comparatively feeble. 

441. Why are islands, and places close to the sea, fre- 
quently warmer in winter than places removed far from the 
sea? 

Because, being subject to cloudy skies, formed by the evaporation 
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' Behold, I will put a fleece of wool on the floor; and if the dew be on the 
fleece only, and it be dry upon all the earth beside, then shall I knowthat 
thou wilt save Israel. 



of the sea, the clouds act as a screen, and prevent the loss of 
the heat of the ground by radiation. 

442. Why are fogs unfavourable to the formation of dew ? 

Because they act in the same manner as clouds, preventing the 
escape of radiant heat, and preserving the temperature of the surface 
of the earth. 

443. But why does it sometimes appear that much dew hag 
been formed during a foggy night? 

Because the cold air of night throws down the vapour of which 
tfefog is composed, and whic^L, therefore, appears like dew. But 
real dew is that which is caused by the cooling pf the earth ; wnile- 
the wetness caused by the precipitation of fogs by cold, is more 
allied to rain than to dew. ■■••.•■/ , r« : 

444. Why is the gravel walk frequently free from dew 
while the grass is very wet ? 

Because the gravel radiates heat less freely than the grass, and 
therefore it does not become so cold. Besides, the conducting 
power of bodies must be considered, as well as their radiating 
powers. A body might radiate heat, but if it were in a position to 
obtain fresh heat by conduction from other, substances, it would still 
retain warmth. 

445. Why would a handful, of gravel placed on. a bed of 
grass become wetter than the gravel of the walk ? 

Because the handful of gravel, being cut off from the sources of 
heat by conduction, and isolated from the greater mass of gravel, 
would radiate its heat, and fall to a lower degree of temperature. 

446. Why will more dew form on shavings of wood than on 
blocks of wood ? 

Because the shavings, being thinner bodies, do not derive the 
same amount of heat by conduction, . The surface of a block of wood 
would continually draw off heat by conduction, from its internal 
parts. But the shavings, having no such sources to draw from, 
would become colder than the block. 
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"And it' was sol for lwi^'uB^Qn.^poi^w,»ud thrusUhe fleece' 
together, and wringed the dew out of the fleece, a bowl full of water. 



447. Why do bodies that are elevated a little way in the 
air receive more dew than those that are in contact with the. 
earth f 

Because such bodies as are in contact with the eaHh derive some 
-degree of heat by conduction therefrom; while those that are 
-elevated in the air are less favourably situated. 

448. Why is the opinion abandoned that dew proceeds 
from moisture driven off from the ground? 

Because it is unreasonable to suppose that the earth would be 
warm enough to drive off vapour, and cold enough to condense it 
at the same tune. 

Because, also, hoar frosts frequently occui 4 Upon the surface of 
hard frosts, when the surface of the earth being ^ completely frozen, 
and the -air being cold, little evaporation could have taken place. 

4 In certain states of the soil, some portion of moisture is giveu ofT by evapora- 
tion from the earth, and this moisture afterwards becomes converted into dew. 

449. Why do the leaves of trees often remain dry through- 
-out the night, while those of grass and shrubs are covered 
with dew ? 

Because the air near the upper jtfarts of trees & more agitated 
than that nearer the ground. The air is also warmer, because its 
temperature is less affected by the fall in the temperature of the 
surface of the earth And 3 from the pliancy of the twigs, the leaves 
.are nearly always in motion. 

450. Why are valleys and sheltered places liable to heavier 
dews than elevated lands ? 

Because valleys are characterised by greater moisture; and the 
.air is liable to less disturbance than in elevated places. 

451. t>oes the fluid which is transpired oy the leaves of 
plants contribute to ike formation of dew ? 

The transpired fluid of plants contributes to the humidity of the 
atmosphere, out of which dew is formed ; but such transpired fluid 
is only a tributary part of dew, and not the direct cause of it. 
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M And Gideon said unto God * * Let it not be dry only npon the fleece, 
and upon all the ground let there be dew. 



CHAPTER XX. 

452. Why is dew seldom, and only slightly, produced in 
cities ? 

Because houses, and all other objects, radiate heat. The cooling 
of the earth is, therefore, materially checked by the abundant 
radiation from elevated objects. 

453. Why is dew formed more plentifully in spring and 
autumn than in summer? 

Because at those seasons the nights are longer, and there are 
great differences between the temperature of day and night 

454. Why is dew formed most abundantly on those clear 
nights which are followed by foggy or misty mornings t 

Because the atmosphere possessed a high state of humidity, 
as is evidenced by the existence of fog or mist. 

455. Why is more dew formed between midnight and 
sunrise, than between sunset and midnight? 

Because the cold of the earth and the atmosphere is greater 
towards the morning, in consequence of the number of hours 
through which heat has been thrown off by radiation. 

456. Why does dew form rapidly on a clear morning after 
a cloudy night ? 

Because, during the night, the clouds have prevented the forma- 
tion of dew ; the air has, therefore, retained all its moisture ; and, 
as soon as the clouds pass away, the earth cools rapidly, and dew 
is deposited abundantly. , 

457. Why do bedroom windows that are concealed by 
shutters on the inside, become covered with an unusual degree 
of moisture ? 

Because the shutters prevent the glass from being affected by the 
radiation of heat from the walls, and the various objects within 
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M And God did so that night : for it was dry upon the fleece only, and 
there was dew on all the ground."— Judges ti. 



the room. It is, therefore, exposed to the cooling influence of the 
outer air, and the moisture of the air within the room condenses 
upon the cold glass. 

458. Why do shutters on the outside of the window prevent 
the deposition of so large an amount of moisture ? 

Because, as well as excluding the cold air, the shutters prevent 
the radiation of heat by the glass, and, therefore, the moisture 
of the air in the room is not condensed upon it in the same degree. 

459. Why do the mats employed by gardeners protect 
plants from the effects of cold ? 

Because they prevent the radiation of heat, not only by the plants, 
but by the walls or other objects by which the plants may be 
surrounded. 

Whatever intervenes between an object and the sky, prevents the 
radiation of heat from that object ; or counterbalances the effect 
of radiation by directing the heat back again. 

460. Why are plants, Sfc, frequently covered with hoar 
frost? 

Because the dew deposited upon the plants, && 9 jreezes from the 
cold. 

461. Why does hoar frost indicate the approach of rain f 

Because it shows that the air is pregnant with moisture, and the 
temperature being low, favours the condensation of vapour into 
rain. 

462. Why does hoar frost present to the eye such beau- 
tiful crystalline forms ? 

Because the atoms of water, when deprived of the degree of heat 
necessary to keep them in a fluid condition, arrange themselves in 
groups, giving rise to what are called crystals. 

463. Why do the particles of frozen water thus arrange 
themselves ? 

The cause is not clearly understood. But it is conjectured that 
magnetism influences the disposal of the particles of bodies in all 



Digitized by CjOOQ IC 



94 THE BEASON WHY. 



"Out of whd& womb 4 d*rne the ioeT abd the hoary 1 frost- of heafreri, who' 
hath gendered It P'— Job xncvm; 



the processes of crystallization--*' that each partible of 4 crjshdHneT 
mass has certain points or pole* which* possess definite properties; 
and that cohesion takes place only along lines which have some* 
relation to the attracting or repelling powers of those poles." 

464. Why cere the crystal* of hmt frost more interesting" 
in their forms than those of Mater' frozen in masses? 

Because the minute drops of dew* being, as it were, suspended in 
the air, the atoms of the drops are free to arrange themselves in 
crystalline groups, without the interference of resistance from the 
weight of surrounding particles, or other causes. 

46(5. Why do the crystals of hoar frost resemble those 
of show ? 

Because they consist of similar atoms crystallized under somewhat 
similar caiis'es. There is a slight distinguishing difference between 
the crystals of hoar frost and those of snow, which may be accounted 
for by the various degrees of temperature in the atmospheric region 
where snow & formed, or by the different effects of the magnetism 
of the earth and the electricity of the air. 

460. What are fogs? 

Fogs are clouds which form on, or descend to, the earth's 
surface. 

467. Why are they generally dark and stifling? 
Because the dqueous vapours Of which they are composed mingle 

with the smoke and exhalations of towns and cities. They; 
therefore, do not consist of pure watery vapour. 

468. Why are fogs most frequent in spring and autumn ? 
, Because the temperature is most variable in those seasons. 

V apours become suddenly condensed by change of temperature* 

469. Why are fogs sometimes called dry fogs? 
Because they occasionally assume a dull opaque appearance, and 

produce a very depressing effect upon those who breathe them. 
Their peculiar darkness and oppresive effect have been attributed 
to electricity. But ihe cause of dry fogs is not clearly understood. 
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M J)ost Jhou know the balancings of, the clouds, the wonctrous works of 
hipi which is .perfect in knowledge.' 5 -J- Job xxxiii. '' ' 



. . 470. What /are clouds ? 
Clouds are bodies of vapour floating in the atmosphere. 

471. What are the sources of atmospheric vapours f 
k The vapours, of which clouds are formed, arise from, the 
evaporation of water at the earth's surface. 

472y Why- does water placed in. a saucer disappear after a 
time T 
.,, Because it passes away by evaporation, 

473. Why does ink become dried up in ink-stands ? 
\ because its watery particles evaporate. 

474., Why do ponds become dried up in dry weather ? 

,«, Because the water passes . away by .evaporation. Ponds of 
considerable size and depth frequently become dried up. 

475. Why does wet linen become dry by exposure tq air ? 
Because the water flies away by evaporation. 

476. What becomes of the water evaporated from the 
saucer; the ink, the pond, Sfc. ? 

It contributes to the formation of clouds. 

477. What other sources of evaporation are, there? 

The chief source of evaporation is the sea especially .along its 
borders, where it becomes heated by the earth ; besides which 
rivers and lakes, the steam from manufactories and locomotives, 
and the water produced by the breathing of animals and the 
burning of fires, gas, &c., all contribute to the formation of 
clouds. 

478. Why does vapour ascend? 

Because, being highly rarefied by heat, it is. specifically lighter 
than the air. 
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"With clouds he covereth the light, and commandeth it not to shine by 
the cloud that cometh betwixt."— Job xxxyi. 

479. In what state does vapour exist in the clouds? 

By some persons it is supposed to form watery vesicles, or 
minute babbles ; by others it is believed that the diffusion of caloric 
between the particles of the vapour forms a kind of aqueous gas. 

480. Why does rain sometimes suddenly set m? 

Because a sudden change of temperature produced by the 
advance of cold currents of wind, or other causes, may deprive the 
watery vapour of its caloric, and cause the particles of the vapour 
to unite with each other, forming drops of water that fall in the 
form of rain. 

481. Why, when a decanter of cold water is brought 
into a room, does it soon become clouded with moisture ? 

Because the cold decanter attracts the caloric from the vapour ; 
as the caloric abandons the vapour, and passes into the decanter, 
the vapour condenses, and forms small drops of water. 

In this illustration, the cold decanter represents a cold current of 
air acting upon the air, and producing clouds. 

482. Why do clouds present such varied appearances? 

Because they are affected by the degree of moisture in the air ; by 
the changes of temperature ; by the direction of the winds ; by the 
heights at which they fly from the earth ; by the electrical states of 
the air ; and by their positions in relation to the light of the sun 
and moon. 

483. Sow many forms of clouds have been defined and 
named? 

There are three simple forms, and four compound forms. 

1. Cirrus 

2. Cumulus. 

3. Stratus. 

4. Cirro-cumulus. 

5. Cirro-stratus. 

6. Cumulo-stratus. 

7. Nimbus, or Cumulo-cirro-stratus. . 



-! 

J 



Digitized by VjOOQ IC 



THE REASON WHY. 97 



" Behold, he withholdeth the waters, and they dry up ; also he sendeth 
them out, and they overturn the earth. — Job xii. 



484. Why are some clouds called cirrus? 

The Latin word cirrus means a lock, or curl of hair, the long 
hair of hoys. This name has, therefore, been given to those thin 
curly clouds that either in long curly streaks, or in occasional curly 
groups, appear in the atmosphere. 



CIEEUS, OE CUEL CLOUD. 

485. What are the peculiarities of cirrus clouds ? 

They generally appear in fine weather, and are said to indicate 
the continuance of the same weather, or a change, according to the 
phenomena which they exhibit. 

K at first they appear high, and then become lower and denser, 
they indicate the coming of stormy toeather, especially if they 
repeat this indication two evenings or more in succession. The 
storm is said to come from the point opposite to the clouds. 

If they spread across the sky in long light streaks, they indicate 
the coming of wind in the direction of the streaks. 

If they resolve themselves into long streaks, which gradually 
spread into sheets, and then merge into the cirro-stratus form, 
then continued wet weather may be expected. 

If they fly high, and retain their distinguishing form ; if they 
do not rapidly increase in number, or alter in shape, they indicate 
the continuance oifine weather, 

486. Why are other clouds called cumulus? 

The Latin word cumulus means a heap, an accession, or an addi- 
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u He bindeth up the waters in his thick clouds; and the cloud is j 
rent under them."— Job xxn. 



tion ; it has, therefore, been applied to those clouds that grow out of 
a small nucleus, and enlarge until they acquire the appearance of 
vast bodies. 



CUMULUS, OS PILE CLOUD. 

487. What are the peculiarities of cumulus clouds ? 

They are formed in the lower atmosphere, and move along with 
the current that is next the earth. 

A small spot at first appears, and is the nucleus on which they 
increase. The lower surface forms an irregular plane, but the 
upper parts rise into round fleecy heaps. 

If their formation is gradual ; if they increase and rise about 
noon, and disappear towards sunset, they indicate fine weather. 

If they change frequently and suddenly, their fleecy parts break- 
ing into thin streaks, and their general character changing to the 
compound forms, they foretell rain. 

If they continue to increase, and rise about sunset, they indicate 
storm and thunder in the night. 

488. Why are other clouds called strains? 

The Latin word stratus means strewed, scattered, laid long, flat, 
prostrate ; it has, therefore, been applied to the lowest clouds, whose 
inferior surfaces commonly rest on the earth or water; including all 
those creeping mists which in calm evenings and mornings ascend 
in spreading sheets (like an inundation of water) from the bottom of 
y&Ueya, and the surface of lakes, rivers, Ac 
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"Tenors are turned tipon me: they pursue my soul as the wind; and 
my welfare paeseth away as a cloud."— Job xxx. 

489. What are the peculiarities of stratus clouds ? 

If, when they appear in low places, they gradually put on the 
appearance of cumulus, and rise, and either evaporate or fly away, 
they foretell fine weather. 

But if cumulus clouds merge into stratus, and descend, then 
damp and cheerless weather may be expected. 

490. Why, are some clouds called cirro-cumulus? 

Because they are formed by a combination of the cirrus and the 
cumulus. 



CIBR0-CTTMT7XTJS CLOUDS. 

491. What are the peculiarities of cirro-cumulus clouds? 

They form a very beautiful sky, frequently exhibiting numerous 
distinct beds of small clouds, floating at different altitudes. 

In summer they foretell heat and dry weather, if they fly high, 
and in broken, well-defined masses. But if they gather low, and 
merge into the cirro-stratus, they foretell change to wet. 

492. Why are some clouds called cirro-stratus? 

Because they are formed by a combination of the. cirrus and the 
stratus. 

493. What are the peculiarities of cirro-stratus clouds ? 

They are generally first farmed by the cirrus clouds reclining to 
a horizontal position, and drawing towards each other sideways. 
Their structure varies much, presenting at times the appearance 
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"Unto thee, O God, do we give thanks ; for that thy iiame is near thy* 
wondrous works declare."-- Psalm lxxv. 



of parallel bars, thickest in the middle or at one extremity, and 
growing thinner towards the edges. They are frequently inter- 
mingled with small particles, giving to the sky the appearance of 
grained wood. 



CIEBO-STBATUS CLOUDS. 

The cirro-stratus precedes wind and rain, or snow, the near or 
distant approach of which may be estimated by the greater or less 
abundance and permanence of the clouds. 

Sometimes the cirro-stratus and the cirro-cumulus appear 
together in the sky, and even alternate with each other in the same 
cloud, when the rapid changes which ensue afford a curious 
spectacle, and an opinion of the weather which is likely to follow 
may be formed by observing which form of cloud prevails at last. 

The cirrro-stratus is the form of cloud which most frequently 
exhibits solar and lunar haloes. Hence the reason why foul 
weather is expected when haloes appear. 

494. Why are some clouds called cwmulo-stratus ? 

Because they are formed by a combination of the cumulus and 
the stratus. 

495. What are the peculiarities of cwmulo-stratus clouds? 

They are frequently seen in the same sky with the cirro-stratus , 
the latter forming dull streaks running across the mountain-like 
pile of the cumulo-stratus. ^rjr*^ 

v: J 
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" Canst thou lift up thy voice to the clouds, that abundance of water* 
may coyer thee?"— Job zxxyiii. 



CUMUL0-STBATU8, OB TWAIN CLOUD. 

They generally form lofty and dense piles of cloud, presenting 
to view the imagery of a beautiful landscape. If they rise and 
become light, and fleecy, they foretell fine weather ; but if they 
merge into the cirro-stratus, unfavourable weather may be 
expected. When they lower, and instead of rising high and 
appearing fleecy, assume the nimbus form, they denote the 
approach of thunder-storms. 

496. Why are some clouds called nimbus, or cumulo- 
cirro-stratus ? 

The Latin term nimbus means a storm-cloud ; a violent storm 
of rain, &c. These clouds are formed by combinations of the; 
cumulus, cirrus, and stratus. 

497. What are the peculiarities of nimbus clouds t 
The characteristics of nimbus clouds can best be seen when they? 

are at a distance, for then the combination of the cumulo-cirro forms,, 
over a dense mass of stratus, can be distinctly witnessed. When 
they fly over head, the latter can only be recognised by occasional 
openings in the dense stratus, through which the lighter forms of 
the cumulus and cirrus may be seen. 

When these clouds gather rapidly, they bring passing storms of 
rain, hail, or snow. 
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•"When lie made a decree for the rain, and a way for the lightning and 
the thunder."— Job xxvni. 
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JTIMBUS, OB 8TOEM CLOUD. 



When they oome with the wind, and form dense masses of black 
cloud, lightning and hail may be expected. 

When their position is opposite to the sun, a rainbow generally 
appears, which looks all the more beautiful in contrast with the 
dense mass of cloud behind it. 



CHAPTER XXII, 

498. Why do clouds sometimes appear to rise, fall, and 
revolve m the upper regions of the air? 

Because sometimes warm currents of air ascend, and when they 
reach the higher and colder regions their vapour condenses and mils. 
As it falls it again comes in contact with warmer air, is again rare- 
fied, and ascends. 

499. Why does it sometimes seem to ram from the clouds, 
without drops of rain falling to the earth ? 

Because when the temperature of the upper and lower atmo- 
spheres are disturbed by moving currents, rain or snow may be 
formed and precipitated from the upper atmosphere, but be evapo- 
rated again upon reaching a warmer stratum of air. Hence it may 
rain from the clouds, but the rain may not reach the earth. 

500. Why do clouds generally gather and obscure the 
sky before a considerable fall of ram ? 

Because when the vapour of the air is small in amount, upon 
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' Who can number the clouds in wisdom? or who can stay the bottles of 
heaven?**— Job xxrvni. 



reaching the higher regions of the atmosphere it produces the light 
cirriform clouds ; hut as the vapour augments, and its condensation 
advances in the upper regions, its weight, relative to that of the 
atmosphere, increases, and it subsides to a lower station, where, met 
by a denser atmosphere, it floats as a cloud of the cirro-cumulus 
or cumulo-stratus form. 

501. Why do clouds frequently gather and disperse 
several days in succession before a fall of rain ? 

Because when the clouds obscure the sky, they arrest some of the 
heat of the sun's rays, and they also receive the heat that is radiated 
from the earth. Consequently, when they gather, they themselves 
produce the cause, of their dispersion, and unless the air is fully 
saturated with moisture, the clouds may pass away and gather again 
several times before a fall of rain. 

502. Does water evaporate at all temperatures? 

Tes, even ice and snow evaporate. Millions of tons of water are 
evaporated from the surface of the earth every day. By this evapo- 
ration the earth is refreshed, temperatures are equalised, rivers are 
supplied, and the depth and extent of oceans are considerably 
influenced and regulated. 

503. Why do clouds of dust indicate the coming of ram ? 

Because evaporation takes place much more rapidly during the 
prevalence of wind than when the air is still. Clouds of dust not 
only indicate the dryness of the earth, through the absence of rain, 
but they also show that winds are prevailing, and that evaporation 
by those winds is actively going on ; therefore the air will the 
sooner be saturated with moisture. 

504. Why does not evaporation proceed so rapidly in a 
calm as in a breeze? 

Because when air is still the same portions of it remain in contact 
with the watery surfaces ; but when breezes prevail fresh and dry 
volumes of air are repeatedly brought in contact with the 
evaporating surfaces. It is for this reason that wet linen dries 
more rapidly in a wind than in calm air. 
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" Who giveth rain upon the earth, and sendeth waters upon the fields."— Job r. 

505. Why do the different phases of the moon affect 
the quantity of rain? 

Because the influence of the mooris attraction alters the density 
of our atmosphere. From observations made during nineteen 
years, it has been found that the average number of rainy days 
for each of the moon's phases is as follows : new moon, 77 ; first 
quarter, 82 ; full moon, 79 ; last quarter, 60 ; moon in perigee, 93 ; 
moon in apogee, 78. 

Perigee-the point at which the moon is least distant from the earth. 
Apogee— her most distant point from the earth. 



CHAPTER XXIII. 

506. Why do some substances feel warm and others cool ? 
Those that feel warm are generally of a higher temperature than 

our bodies ; and those that feel cool are of a lower temperature. 

But the sensations of heat and cold are influenced by the 
conducting potoers of substances. Iron, though of the same 
temperature as wool, feels differently to the touch, because its 
conducting power is much greater than that of wool. 

507. Why, when ice bathe in the sea, does the water 
appear to be colder than the air? 

Because water abstracts heat from the body more rapidly 
than air. 

508. Why does a still atmosphere in summer feel warm ? 
Because those particles of air which are in contact with the 

body acquire the temperature thereof, and through the stillness 
of the air they bear away the heat slowly. 

509. But why, if a wind arises, does it feel cool ? 
Because fresh particles of air are continually brought to the 

surface of the body, and are no sooner warmed than they are 
displaced by cool particles, and thus a feeling of coolness is 
produced. 

510. Why do sheets feel colder than blankets? 
Because they are better conductors of heat. 
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"Say unto wisdom, Thou art my sister; and call understanding thy 
kinswoman."— Peovbebs to. 



511. But why, when the sheets acquire warmth from the 
body, do they feel warmer than the blankets? 

Because, being better conductors of heat, and the heat being 
accumulated by them, they impart a greater sensation of warmth 
when they come in contact with the body. 

512. Why does flannel, worn next to the skin, form a 
warm covering in cool climates, and a cool covering in 
warm climates? 

Because, being a slow conductor, it keeps in the warmth of the 
body when the external air is cold ; but it keeps out the external 
heat when the air is hotter than the body. 

513. Why does the use of a fan produce a sensation 
of coolness ? 

Because it keeps the air in motion over the surface of the face, 
and each wave of air bears away some portion of the heat of the 
body. 

514. But if the air were hotter than the body, what 
would then be the effect of the fan ? 

Then fanning the face would produce a sensation of increased 
heat. 

515. Why does glass, though an indifferent conductor 
of heat, feel cold to the touch ? 

Because it is so dense that it presents a great many particles 
to the touch, and each particle takes up some portion of heat. 
But the heat will not pass away rapidly, glass being a poor con- 
ductor. Hence glass, which at first feels cool, soon ceases to impart 
that sensation, but creates a feeling of warmth. 

516. Why are wood or ivory handles put upon metal 
teapots ? 

Because wood and ivory are poor conductors of heat; they 
therefore prevent the heat from being transmitted by the metal 
to the hand. 
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* It If a good thing to giro thanks unto the Lord, and to sing praiies 
unto thy name, O Host High,"— Pbaui xcii. 



517. Why have porcelain teapots handles of the same 
material? 

Because porcelain is an indifferent conductor of heat, and does 
not create inconvenience by conveying heat rapidly to the hand. 

518. Why, when metal teapots have metal handles, is 
there a ring of wood or ivory inserted where the handle 
is joined to the teapot? 

Because the intervention of the non-conductor interferes with the 
transmission of heat from the body of the teapot to the handle. 

519. Why are cloth and paper employed as kettle- 
holders? 

Because the metal handle of a tea-kettle cannot be touched by 
the hand without inconvenience, unless some such non-conducting 
substance is interposed. 

520. Why may a man stand in an oven at a very high 
temperature ? 

Because the air surrounding him is apoor conductor ; and if he 
stands upon a matting of wool, or straw, the heat will be conducted 
to him but slowly. If, however, under such circumstances, he wars' 
to touch a metal body, he would be seriously burnt. 

521. Why will a bright silver teapot make better tea 
than an earthenware one? 

Because bright surfaces radiate, or throw off heat much slower 
than black and dull ones, consequently the tea is kept hotter. 

522. Why will a saucepan which is black on the part 
exposed to the fire, but bright on the portion in contact 
with the air, boil quickest? 

Because the black part acts as a good conductor of heat from the 
fire ; and the bright part, being a bad radiator, will not diffuse 
that heat in the surrounding air. 
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" Dost thou know the balancings of the clouds, the wondrous works of 
him which is perfect in knowledge."— Job xxxyii. 

623. Why should woollen substances be wrapped around 
anything that is to be kept hot? 
Because it is a bad conductor, and will retain the heat. 

524. Why is ice preserved from melting by wrapping 
it in flannel ? 

Because the flannel will not conduct the external heat to the ice. 

525. Why does sugar take a long time to dissolve in 
the bottom of a cup of tea? 

Because the sugar, as it dissolves, renders the tea heavier, and 
impairs the solvent power of the water by which the sugar is 
surrounded. 

526. Why does stirring the tea with a spoon cause the 
sugar to dissolve? 

Because it directs fresh particles of water to the sugar rod 
diffuses the atoms of sugar between the atoms of water. 



CHAPTER XXIV. 

527. Why does the bright tin screen which is placed 
behind meat while roasting, increase the effect of the heat? 

Because it prevents the heat from escaping into the kitchen, by 
reflecting it back towards the joint and the fire. 

528. Does an inverted cup, in a pie, prevent the juice 
from boiling over? 

It does not. When the cup is first placed in the pie it is foil of 
cold air, which expands as it becomes hot, and tends rather to force 
the liquid out of the pie, instead of keeping it in. 

529. But why is the cup generally full of juice when 
the pie is set upon the table ? 

Because, when the pie is taken out of the oven, the rarefied air 
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M As coals are to burning coals, and wood to fire; so is a contentious 
man to kindle strife."— Peovbrbs xxiv. 



that remains within the cup cools and condenses. It then 
occupies much less space, as a portion of the air which formerly 
filled the cup has been driven away ; and now the pressure of the 
external air forces the juice into the cup as the air within it 
condenses. w 

530. Why, t%en, are pies into which inverted cups have 
been put more juicy tlum those from which cups have been 
omitted? 

Because, while the pie is cooling, a great deal of its moisture 
evaporates. But, as much of the juice is forced into the cup, it 
cannot evaporate ; and, therefore, the juice is preserved. 

531. Why do broths and syrups become stronger by 
boiling ? 

Because heat drives off a portion of the water in the form 
of steam ; but the solid matter still remains, and gives increased 
strength to the diminished quantity of fluid. 

532. Why do spiritous mixtures become weaker by 
boiling ? 

Because alcohol, which is the spirituous part, is very volatile 
and evaporates before the water boils, leaving the water behind. 

533. Why is it difficult to heat water from the top? 

Because heat is transmitted through water by the movement of 
its particles . And as those particles which are heated are lighter 
than those that are cold, they remain at the top (when heat is 
applied there), and do not convey heat to the other parts of the , 
water. 

534. Why does boiling water bubble? 

Because the lower parts of the water, being considerably 
expanded by heat, rise rapidly to the surface, while the cooler 
portions descend. The boiling of water consists of a rapid move- 
ment of its particles from the bottom to the surface, and down 
again, as the hotter particles displace those that have become 
cooled. 
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535. Why should ice, which is used for cooling water, 
Sfc, be applied at the top of the water? 

Because the cold particles of the water, being heavier than the 
warmer portions, would descend, and the whole of the water would 
therefore be presented to the cooling effects of the ice. 

536. Why does ice float? 

Because it is lighter than water, in consequence of crystallization 
having expanded its particles. 

537. Why would great evils arise if ice were heavier 
than water? 

Because as each successive layer of ice formed, it would sink 
to the bottom, until the whole depth of the ocean and the lakes 
became frozen. The fishes of the sea would be destroyed ; the sun 
would scarcely have power to penetrate these vast masses of ice ; 
and the thaw would be attended with dreadful effects, even more 
serious than those which are now encountered in the northern seas. 

538. Why does ice, when lakes and ponds are frozen, 
tend to keep the water underneath it warm? 

Because it forms a complete covering, by which the surface of the 
water is sealed, so that it cannot part with the heat which it 
derives from the earth, 

539. Then why would water be cooled in small quantities 
by ice applied at its surface, while it is said that the frozen 
surface of lakes, Sfc, tends to keep the water warm? 

Because, in the former instance, there is no sources of warmth 
acting upon the lower part of the water ; nor would its surface 
be completely covered, as in the frosts of nature ; nor would the 
surrounding air be cold enough to freeze the water. 

540. Why, when we descend into a cave in summer, do 
we feel cold? 

Because the air of the cave, being sheltered from the rays of the 
sun, and the radiation of heat by heated surfaces, is colder than 
the external air. 
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541. Why, if we descend into the same oaue in winter 
does the atmosphere appear to be warm? 

Because the external air is then colder than the air of the cave ; 
and therefore, though the air of the cave may be at the same 
temperature as when it felt cold in the summer, it imparts to m 
a sensation of warmth. 



CHAPTER XXV. 

542. What causes the frost-crystals upon windows? 
The vapour in the air within the room coming in contact 

with the glass of the windows, which is cooled to the freezing point 
by the temperature of the external air, freezes, and in congealing 
its minute particles arrange themselves into crysialUme form*. 

543. Why does this more frequently occur in bed-rooms 
than in other apartments? 

Because the breath of persons sleeping in the confined air 
of bed- rooms imparts to the air a considerable amount of moisture; 
and also because the temperature of the external air is generally 
lower by night than by day. 

544. Why do the crystals disappear as the day advances ? 
Because the warmth of the sun's rays gives back to the ice- 
crystals the degree of heat necessary to liquefy them. 

545. Why does the return of heat to the ice-crystals 
cause them to dissolve ? 

Because the heat alters the condition of the atoms or particles 
composing the crystals, and becoming latent, or hidden among 
those particles, produces a liquid where a solid previously existed. 

546. Why does the melted ice run down the windows in 
streams of water ? 

Because the water obeys the law of gravitation, which draws 
all bodies towards the centre of the earth. 
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547 Why does some portion of the water adhere to the 

glass ? 

Because it is held to the gloss by attraction, which, under some 
circumstances, causes bodies even of dissimilar natures to adhere 
together. 

548. Why does the water form into globules when it 
descends upon the window-frame ? 

Because the particles of the water cohere, or hold together, while 
the wood and the putty of the frame repel them; and until that 
property of repulsion is overcome between the water and the 
wood by contact, the water stands in globular drops. 

549. Why do the drops flatten and disappear after a time? 

Because, when the repulsion between the water and the wood 
has been overcome by contact, attraction takes place j the wood 
which previously repelled the water now attracts it. The water, 
therefore, spreads itself along the surface of the wood, and is partly 
absorbed by it, while the other part of the water, in contact with 
the air, is evaporated, and passes away. 

550. Why does a small drop of water run slowly down 
He glass ? 

Because the attraction between the water and the glass is 
strong enough to almost overcome the attraction of gravitation, 
which draws so small a body of water to the earth. 

551. But why, when two drops unite, do they run down 
the pane more rapidly ? 

Because then the attraction of gravitation acting upon the 
larger body becomes relatively greater than the attraction acting 
between the water sad the glass. The balance of force in favour 
of gravitation is increased, and the enlarged drop runs more 
rapidly down the pane. 
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"Be not as the hone, or as the mule, which hare no understanding: 
whose mouth must be held with the bit and bridle."— Psalm xxxil 



552. Why, upon stepping out of bed, does the marble 
hearth feel cold to the feet ? 

Because it is a good conductor of heat, and by drawing off heat 
from the foot produces therein a sensation of cold. 

553. Why does the carpet feel warmer than the marble 
hearth ? 

Because, being a bad conductor of heat, it does not bear away 
the warmth of the foot so rapidly as the hearth, and therefore it 
produces relatively a sensation of warmth. 

554. If the marble and the carpet were both warmer than 
the body, what sensation would they then produce ? 

The marble would then appear to the touch to be warmer than 
the carpet ; because, being a good conductor, it would deliver heat 
to the body more freely than the carpet. 

555. Why do sheets feel cold while blankets feel warm? 

Because linen is a better conductor of heat than flannel, and 
by bearing away the heat of the body, it imparts a sensation of 
coldness. 

556. Why does a linen shirt feel colder than a cotton one? 

Because the fine and close fabric of the linen bears away thd 
heat of the body more rapidly than the looser texture of the 
cotton. 

557. Why does xoater feel cold to the hand? 

Because it is a better conductor of heat than air, and draws off 
the warmth of the hand more rapidly. 

558. Is water a good conductor of heat ? 

It is not considered a good conductor, because heat will not 
readily pass through it by the ordinary course of conduction. But 
as the particles of water become warm, they move, and cold particles 
take their place. Hence water, by the movement of its particle* ; 
bears away as much heat as if it were a good conductor. 
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"I will praise thee, O Lord, with my whole heart; I will show forth thy 
marvellous works."— Psalm: ix. 



559. Why is air not so good a conductor of heat as water ? 

Because its particles, within a given space, are less numerous 
than those of water. It does not, therefore, present to the same 
surface so many carriers of heat as water does. But it acts in 
the same manner as water in the removal of heat. 

560. What is the relative temperature of various articles 
in a room ? 

Assuming that they all stand in the same relation to the sun, 
or the other sources of heat, they are all of the same temperature, 
though some may feel much warmer than others. 



CHAPTER XXVI. 

561. Why are bed-curtains injurious to health? 

Because they confine around the body of the person within them 
the air which has been deprived of its oxygen; and they prevent 
the fresh air of the room from approaching the person who requires 
to breathe it. 

562. What hind of air is imprisoned within the curtains? 

Air charged with an unhealthy proportion of carbonic acid gas, 
and an excess of nitrogen, which has been thrown off from the lungs 
of the breather. 

563. Why should beds with curtains be open at the top / 
Because then the warm and foul air would rise and pass away, 

and fresh air would enter to supply the demands of life. 

564. Why do we pause in breathing cfter each expiration 
of the breath ? 

The pause allows time for the corrupt air, which is thrown out, 
to rise and pass away ; and also for the oxygen then in the lungs 
to unite chemically with the carbon of the blood, and form 
carbonic acid gas, 

E 2 
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565. Why is air, which has been once breathed, unfit to 
be breathed ogam? 

Because it has parted with a large proportion of its oxygen, 
which it has communicated to the blood, and has taken up 
carbonic acid gas, which it received from the blood. 

566. Sow is impure air purified? 

Chiefly through the agency of the vegetable kingdom. The 
leaves of plants may be said to breathe air in a manner somewhat 
similar to the lungs of animals ; but plants absorb carbonic racid 
gas, and set oxygen free; while animals absorb oxygen, and set 
carbonic acid gas free. Animals and vegetables, therefore, 
reciprocate each others' wants. 

567. How may we prove that plants give back oxygen to 
the air? 

If we invert a tumbler, and place a lighted taper under it, the 
taper will burn until the oxygen is consumed, when it will go out. 
The glass will then contain air, almost » destitute of oxygen, and 
charged with excess of carbonic acid gas. If we then place the 
tumbler carefully over a sprig of a growing plant, in such a way 
that the deteriorated air cannot escape, nor intermix with the 
external air, the plant will absorb the carbonic acid gas, and restore 
oxygen to the air in the glass. After a few days the taper will be 
found to burn in the glass as freely as it did before the experiment. 

568. Why does fresh air impart a healthy glow to the 
cheeks? 

Because it purifies the blood by the free introduction of oxygen, 
which gives a red colour to the vital fluid. 

569. Why do the inhabitants of crowded cities generally 
look pale and emaciated? 

Because they breathe impure air; and in many respects their 
mode of life is incompatible with a state of healthy existence. 
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570. What is animal heat? 

Animal heat is that which gives warmth to animal bodies 
through the agency of their internal organisations. 

571. Why is heat generated within animal todies ? 

Because the mixture of the oxygen of the air with the carbon of 
the blood produces a hind of slow combustion, which is attended 
by the develoyment of heat. 

572. Whence is the carbon of the blood derived? 

It is derived from ike food we eat. Food may, therefore, be 
regarded as the fitel which Heeds the fire, or the lump of life. 

573. Why is the temperature of the human body the 
same m cold as warm latitudes? 

Because that degree of temperature is essential to the main- 
tenance of the vital functions. It has, therefore, been ordained by 
the Creator that the denser air of the polar regions shall convey a 
larger quantity of oxygen to the lungs of the inhabitants of those 
cold regions ; and that the highly carbonised food, such as train oil 
and blubber, which the climate enables them to eat, shall supply an 
increased quantity of carbon to sustain the more active internal 
combustion necessary to support the temperature of their bodies. 

574 Why does exposure to cold produce hunger ? 

Because the heat of the body, being conveyed away, there is a 
greater demand made upon the fires of the body to keep up its 
warmth. And as food constitutes the fuel, it is demanded in 
increased quantity. 

575. Is animal heat really similar to the heat of fhefire ? 

Yes. All heat results from the presence of caloric, though the 
degrees of heat depend upon the various circumstances and propor- 
tions in which caloric appears. There is as much heat in the body 
of man as would, if it were compressed into a smaller space, cause 
a bar <of iron, of considerable size, to become red-hot. 
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'Oh that men would praise the Lord for his goodness, and for his 
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576. Why does exercise increase the heat of the body ? 

Because it accelerates the circulation of the blood for the pur- 
pose of sustaining the bodily effort required. And, as the blood 
circulates, more carbon is brought by the blood to the lungs, and 
the quicker breathing supplies an increased amount of oxygen to 
combine with the carbon, and therefore greater heat is evolved p 

577. Why, if we quicken our breathing while sitting 
still, do we not increase the heat of our bodies ? 

Because, although we force air into the lungs, we do not increase 
the circulation of the blood. Therefore, the oxygen cannot com- 
bine with the carbon in any increased degree. 

578. Why do poor and ill-fed people generally dislike 
fresh air ? 

Because the oxygen of the fresh air demands from their bodies a 
supply of fuel to the lungs which their scanty food cannot yield 
sufficiently. They, therefore, prefer ill-ventilated hovels to the 
purer air. 



CHAPTER XXVII. 

579. Why is spring water frequently hard? 

Because, by passing through the fissures of the earth, it comes in 
contact with mineral substances, and takes up in solution some of 
their particles. The existence of the minute particles of earthy 
matters among the atoms of water have a tendency to destroy its 
fluidity and softness. 

580. Why is rain water soft? 

Because, being distilled from the clouds, it is free from earthy 
matters, and its atoms possess their natural fluidity. 

581. Why does the soap used in washing the hands 
float in flakes upon the top of hard water ? 

Because the lime, held in solution by the water, unites with the 
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" The fear of the Lord is the beginning of knowledge: but fools despise 
wisdom and instruction."— Pbovhbbs i. 



tallow, and forms an insoluble compound. The sulphate of lime 
neutralise* the soda by combining with it, and therefore the 
cleansing power of the soap is impaired. 

582. Why does carbonate of soda, or carbonate of 
potash, render hard water soft? 

Because it combines with the lime held in solution in the water, 
and precipitates it. The soda, or potash, to be fully effective, should 
be dissolved in the water twenty-four hours previous to using it. 
The matters that harden the water would then sink to the bottom. 

583. Why does a soap-bubble display prismatic colours? 

Because the rays of light that fall upon the bubble are refracted 
by it; and, as the thickness of the film changes, the degree of 
refraction varies, and thus the "play" of beautiful colours is 
produced. 

584. The refraction of light, and the production of prismatio colours, surround 
us with most interesting phenomena. The laundress, whose active labours 
raise over the wash-tub a soapy froth, performs inadvertently one of the most 
delicate operations of chemistry— the chemistry of the imponderable agents— 
and the result of her manipulations manifests itself in the delicate colours that 
dance like a fairy light over the glassy films that follow the motion of her arms. 
The laughing child, throwing a bubble from the bowl of a tobacco-pipe into the 
air, performs the same experiment, and produces a result such as that which 
filled the philosophic Newton with unbounded joy. The foam of the sea-shore, 
the plumage of birds, the various films that float upon the surface of waters, the 
delicate tints of flowers, and the rich hues of luscious fruits, all combine to 
remind us, that every ray of light comes like an angelic artist sent from heaven, 
bearing upon his palette the most celestial tints, with which to beautify the 
earth, and show the illimitable glory of God. 

585. Why can bubbles be best formed by the aid of 
soap? 

Because the soap, being diffused among the atoms of water, 
establishes between them a degree of tenacity, or cohesive power, 
which does not exist in water alone in sufficient force. 

586. Why do soap-bubbles ascend? 

Because, being filled with the warm air expired from the lungs, 
they are lighter t:;an the colder external air. They are, therefore, 
pressed umoards by the denser air which surrounds them. 
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1 He hath made his wonderful works to be remembered: the Lord is 
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587. Why do soap bubbles descend after a timet 
Because the air within them becomes condensed by cooling; and 

as it contains & considerable proportion oi carbonic acid gas, it is, 
together with the film of the babble, heavier than the surrounding 
air. 

588. Why does steam issue from the spout of a kettle ? 
Because the heat of the fire passes into the water, and tends to 

separate the particles of which the water is composed. The 
heated portions of the fluid rise to the top, aad when a certain 
degree of heat has entered the water, the cohesive force which held 
the particles together is so far overcome that some of the atoms 
fly away in the form of vapour, 

589. Why does the water m the kettle become hot? 
Because it absorbs caloric from the fire. 

590. What becomes of the steam that flies away from 
the kettle? 

It diffuses itself through the air of the room, until, meeting with 
a cold surface, it condenses, and returns to its original state of 
water. Or it passes into the outer air, and assists in the jbrma* 
Hon of clouds. 

591. If a tumbler be held near the spout of the kettle ; 
why will it become covered with moisture? 

Because the cold glass condenses the steam, which forms minute 
drops of water that attach themselves to the glass. 

592. Why, when cold glasses and decanters are introduced 
into warm rooms, do they frequently become dulled by 
moisture ? 

Because the vapour held in suspension in the air becomes cooled^ 
and condenses upon them. 

593. Why are southerly winds usually rainy? 
Because they reach us from warm regions, and as they come 

across the sea, they imbibe a large amount of moisture; then, 
when they meet the colder air of our latitude, the moisture 
condenses, and Mis as rain. 
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"He causeth the vapours to ascend from the ends of the earth; he 

maketh lightnings with rain: he bringeth the wind out of his 

treasuries."— Jbsbmiah x. 



594. Why does ike vapour of hot water rise up on the 
mr? 

Because it is so attenuated by bent, that is specifically lighter 
than the air, and therefore rises and floats upon it. 

595. We frequently hear of the singing of a kettle ; but do we fully comprehend 
the music of its sons;? Through how many centuries had that grim old bard 
chaunted his lay of progress, unheeded by the faithless groups that sat around, 
until the Marquis of Worcester, in the year 1068, published his account of " a 
fire water work/' which he had discovered, and told how he had burst an old 
cannon by filling it with water, and " screwing up the broken end, as also the 
touch-hole ;*' and how, by " making a constant fire under it, within 2* hours it 
bunt and made a great crack." Doubtless the kettle had tuned its song many 
times to the Marquis, until one day it sang with greater effect, and called 
attention to those portentous notes that it had so frequently uttered. Then 
the song of the kettle was one of complaint ; note it is a hymn of triumph. Less 
than two centuries have passed since the discovery of the "fire water- work" 
was announced, and now the kettle in various improved forms is working 
wonders in most parts of the world. The offspring of the old kettle contend 
with the mighty ocean and the tempestuous wind; they fly with bird-like 
speed over the face of the earth, and in practical effect expand time and shorten 
space; they plough, they dig, they weld, they weave, they clothe and feed the 
labourer, they enrich the capitalist, they protect the state. These glorious 
results were brought to pass through a Marquis listening to a tea kettle and 
interpreting its song I Thus it is shown that there is no voice in nature too 
humble to invite the ear ; nor any human being so high but he may gather 
wisdom from nature's simplest lessons. 



CHAPTER XXVIIL 

596. Why do air and smolce ascend the chimney? 
Because the air, as it sweeps through and over the fire, becomes 

rarefied, or expanded by heat ; it is therefore specifically lighter 
than the surrounding air, which, pressing towards it, forces it up 
the chimney in a continuous stream. 

597. Why does air, when there is afire in a room, 
rush in through the crevices of the doors and windows ? 

Because, as the rarefied air ascends through the chimney, it 
disturbs the balance of density between the air in the room and 
ike outer air. The dense and cold air, therefore, rushes in and 
displaces the rarefied and warm air. 
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' For my days are consumed like smoke, and my bones are burned as an 
hearth."— PsAiM cii. 



598. Why do light and rarefied bodies ascend ? 

They ascend by the pressure of surrounding bodies acting upon 
them, and forcing them upwards. 

It is a mistake to suppose that any bodies have of themselves 
a tendency to fly upward. 

Even hydrogen gas, the lightest of all known bodies, has weight, 
and would fall to the earth, if not surrounded by the denser air. 

599. Why are chimney pots set upon chimneys ? 
Because, by contracting the aperture of the chimneys, and 

allowing only space for the ascending air to escape, they prevent 
downward currents of cold air, which would descend through the 
chimney, and carry with them some part of the smoke and vapour 
of the fire. 

600. Why do chimneys smoke when fires are first 
lighted? 

Because the heat is for a time insufficient to expand the air 
and move the cold column of air within the chimney. 

The first effect of a slight rarefaction of air at the base of the 
chimney is, to cause the column of cold air to press downwards, 
and therefore the smoke is forced into the room. 

601. Why does opening the window prevent the chimney 
from smoking T 

Because it supplies a free current of air, which, acting upon the 
warm air that is being produced by the fire, assists to remove the 
cold volume within the chimney. 

602. Why may the window be closed when the fire has 
increased ? 

Because then the cold air within the chimney has been displaced, 
and there is a sufficient upward draught to carry the smoke away. 

603. Why will not opening the door answer as well as 
opening the window? 

Because the other fires burning within the house act upon the 
air which the house contains ; and when a door is opened, air may 
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*Aj the door tumeth upon his hinges, so doth the slothful man upon his 
becL"— Peoverbb xxvi. 



be dr&wnfrom a cold room towards a room in which there is a 
fire. The door should therefore be closed, and the window opened. 

604. Why do most chimneys smoke in gusty weather? 
Because the sudden gusts of wind disturb the relations existing 

between the warm air of the chimney and the cold outer air. As 
the gusts sweep rapidly by the opening of the chimney top they 
remove suddenly the pressure of the cold air, and there is then a 
rush of air and smoke up the chimney. But when the gust ceases, 
the weight of the cold air being suddenly thrown upon the 
ascending column, checks its ascent, and drives it downwards. 

605. Why is there sometimes a smell of soot in rooms 
in svmmer time? 

Because the cool air of the chimney (having been confined 
therein for some time, and acquired the smell of the soot), being 
heavier than the warm air of the room, descends and diffuses a 
sooty smell. 

CHAPTER XXIX. 

606. What is water? 

Water is a fluid composed of two volumes of hydrogen to one of 
oxygen, or eight parts by weight of oxygen to one of hydrogen. It 
is nearly colourless and transparent. 

607. Why does water become solid when it freezes ? 
Because the latent heat of the water passes away from between 

its atoms into the air ; the atoms, therefore, draw closer together. 

608. Why, if the atoms of water draw closer together 
when freezing, does ice expand, and occupy greater space 
than water? 

Because, when the atoms of water are congealing, they do not 
form a compact mass, but arrange themselves in groups of crystal 
points, which occupy greater space. Water contracts when 
freezing until it sinks to 40 deg., and then it expands as ice is 
formed. 

32 deg. is said to be the freezing point, but it should be called the 
frozen point. 
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" As the hart panteth after the water brooka, so pasteta my seal aft* 
thee, O God."— Psalm xlii. 



609. Why does water boil? : 

Because heat, entering into the lower portions of the water, 
expands it ; the heated portions are then specifically lighter than 
those that are cooler ; the hot water therefore rises upward, and 
forces the cooler water down. 

610. What proportion of the earth's surface is covered 
with water? 

There are about one hundred and forty-seven millions of square 
miles of water to forty-nine and a half millions of square miles of 
land. 

611. What is the amotmt of water pressure ? 

The pressure of the sea, at the depth of 1,100 yards, is equal to 
15,000 lbs. to the square inch. 

612. What element is the most abundant in nature? 

Oxygen, which forms so large a part of water. Of animal 
substances, oxygen forms three-fourths ; of vegetable substances it 
forms four-fifths ; of mineral substances it forms one-half; it 
forms eight-ninths of the waters and one-fifth of the atmosphere ; 
and, aggregating the whole creation, from one-half to two-thirds 
consists of oxygen. 

613. In what ways does man use oxygen? 

Man eats, drinks, breathes, and burns it, in various proportions 
and combinations. It is estimated that the human race consume in 
those various ways, 1,000,000,000 lbs. daily ; that the lower animals 
consume double that amount; and that, in the varied works of 
nature, no less than 8,000,000,000 lbs. of oxygen are used daily. 

614. Why does water dissolve various substances? 

Because the atoms of water are very minute ; they therefore 
permeate the pores, or spaces, between the atoms of those 'bodies, 
and, overcoming their attraction for each other, cause them to 
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' And God said, Let the waters under the heaven he gathered together 
unto one place, and let the dry land appear: and it was so."— Gen. i. 



615. Why does hot -wafer dissolve substances more 
readily than cold? 

Because the heat assists to repel the particles of the substance 
undergoing solution, and gives the water a freeer passage between 
the atoms. 

616. Why is the sea salt? 

Because salt is a mineral which prevails largely in the earth, and 
which, being very soluble in, water, is taken up by the ocean. 

Lakes and rivers, also — even those that are considered fresh — 
hold in solution some degree of saline matters, which they con- 
tribute to the ocean. 

As, in the evaporations from the sea, the salt remains in it, 
while the vapours fall as rain, and again wash the earth and carry 
some of its mineral properties to the ocean, the greater saltness 
of the sea, as compared with rivers, is accounted for. 

By some persons the opinion is entertained that the sea has 
been gradually getting Salter ever since the creation of the world. 
This, they say, arises from the evaporation of water free from salt, 
and the return of the water to the sea, taking with it salt from 
the land. 

617. What is the estimated amount of salt in the sea? 

The amount of common salt in the various oceans is estimated 
at 3,051,342 cubic geographical miles, or about five tunes more 
than the mass of the moutains of the Alps. 

618. What is the depth of the sea? 

The extreme depth has not, probably, been ascertained. But Sir 
James Boss took soundings about 900 miles west of St. Helena, 
whence he found the* sea to be nearly six miles in depth. Now, if 
we take the height of the highest mountain to be five miles, the 
distance from that extreme rise of the earth, to the known depth of 
the sea, will be no less than eleven miles. 

619. Why does iron rust rapidly when wetted? 
Because the water contains so large a proportion of oxygen, some 
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M As in water face answereth to face, so the heart of man to mam"— 
Pboveebs xxvii. 



of which combines with the iron, and forms an oxide of iron, which 
is rust. 

620. Why does stagnant water become putrid? 
Because the large amount of oxygen which it contains accelerates 

the decomposition of dead animal and vegetable substances that 
accumulate in it. 

621. Is there any danger in drinking water on account 
of the living animalcules which it contains ? 

No danger arises from the living creatures in water; but 
putrefactive matters may produce serious diseases. 

622. What is the best method of guarding against 
impurities ? 

By obtaining water from the purest sources, and by filtering 
it before drinking, by which nearly all extraneous matters would 
be separated from it. 



CHAPTER XXX. 

623. What is the thermometer? 

The thermometer is an instrument in which mercury is employed 
to indicate degrees of heat. Its name is derived from two Greek 
words, meaning heat measurer. 

624. Why does mercury indicate degrees of heat ? 

Because it expands rapidly with heat, and contracts with cold ; 
and as it passes freely through small tubes, it is the most convenient 
medium for indicating changes of temperature. 

625. Why are there Reaumur's Thermometers and 
Fahrenheit's Thermometers ? 

Because their inventors, after whom they are named, adopted a 
different system of notation, or thermometrical marks; and as 
their thermometers have been adopted by various countries and 
authors, it is now difficult to dispense with either of them. 
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"He sendeth out his word, and melteth them; he causeth his wind to 
blow, and the waters flow."— Psalm cxxvn. 



THERMOMETER. 

Reaumur. Fahrenheit. 
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628. We have combined the two. The 
diagram will, we have no doubt, prove ex- 
ceedingly useful to scientific readers and 
experimentalists. There is also another 
system of notation, adopted by the French, 
called the centigrade, but it is not much 
referred to in Great Britain. In the centi- 
grade thermometer zero is the freezing 
point, and 100 the boiling point. Fahren- 
heit's scale is generally preferred. Reau- 
mur's is mostly used in Germany. Of 
Fahrenheit's scale 82 is the freezing point, 
66 is moderate heat, 76 summer heat in 
Great Britain, 98 is blood heat, and 212 
is the boiling point. Mr. Wedgwood has 
invented a thermometer for testing high 
temperatures, each degree of which an- 
swers to 130 degrees of Fahrenheit. Ac- 
cording to his scale cast iron melts at 
2,786 deg. ; fine gold, at 2,016 deg. ; fine 
silver, 1,873 deg. ; brass melts at 1,869 deg. ; 
red heat is visible by day at 980 deg. ; lead 
melts 612 deg.; bismuth molts 476 deg.; 
tin melts 442 deg. ; and there is a curious 
fact with regard to the three metals, lead, 
bismuth, and tin, that if they are mixed 
in the proportions of 6, 8, and 3 parts, 
respectively, the mixture (after previous 
fusion) will melt at a heat below that of 
boiling water. 

627. What is the difference 
between the thermometer and the 
barometer ? 

In the thermometer the column 
of mercury is much smaller than in 
the barometer ; and is sealed from 
the air ; while in the barometer the 
column of mercury is open at one 
end to atmospheric influence. 

628. Why doe* the mercury 
in the thermometer, being sealed 
up, indicate the external tem- 
perature ? 
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" Behold, there ariseth a little cloud from the sea, of the bigness of a maa'j 
hand. And ft came to pass, in the meantime, that the heaven was black 
with clouds and wind, and there was a great rain.'*— i. Kiims xviii. 



Because the heat passes through the glass, in whieh the mercury 
is enclosed, and expanding or contracting ike metal witkm ike 
bulb, causes the small column above it to rise or fall. 

629. When does the thermometer vary most in its 
indication of natural temperature ? 

It varies more in the winter than in the summer season. 

630. Why does it vary more in the winter than in 
the summer T 

Because the temperature of our climate differs more from the 
temperature of the torrid zones m the winter than it does in the 
summer, and the inequalities of temperature cause frequent 
changes in the degree of prevailing heat. 

The same remarks apply to the barometer. 



CHAPTER XXXI. 

651. What is a barometer? 

A barometer is an instrument which indicates the pressure of 
the atmosphere, and which takes its name from two Greek words 
signifying measurer of weight. 

632. Why does a barometer indicate the pressure of 
the atmosphere ? 

Because it consists of a tube containing quicksilver, closed at one 
end and open at the other, so that the pressure of the air upon the 
open end balances the weight of the column of mercury (quick- 
silver), and when the pressure of the air upon the open surface 
of the mercury increases or decreases,, the mercury rises or falls 
in response thereto. 

633. Why is a barometer called also a " weather-glass f* 
Because changes in the weather are generally preceded by altera* 

tions in the atmospheric pressure. But we cannot perceive those 
changes as they gradually occur ; the alteration in the height of the 
column of mercury, therefore, enables us to know that atmospheik 
changes are taking place, and, by observation, we are enabled to 
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' Pair weather oometh out of the north ; with God is terrible majesty."— 
Job xxxvil 



determine certain rales by which the state of the weather may be 
foretold with considerable probability. 

634. Why are barometers constructed with circular dials, 
and an index to denote changes? 

Because that is a convenient mechanical arrangement, by which 
the alterations of the relative pressures of the air and the mercury 
are more clearly denoted than by an inspection of the mercury 
itself. 



Pig. A.— BJLROMETER. Pi g. B.— T UBS OP BAEOMETEB, 
WHEEL, A1TD PULLET. 

Pig. B illustrates the mechanism at the back of the barometer. A is a 
glass tube; between A and E there exists a vacuum, caused by the weight of 
the mercury pressing downwards. This space being a vacuum makes the 
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"Fire and hail; snow and vapour; stormy wind fulfilling bis word."— 

PSiXM CXXVIII. 



barometrical column more sensitive, as there is no internal force to resist or 
modify the effects of the external pressure. E represents the height of the 
column of mercury ; C the open end of the tube ; F the weight resting on the 
surface of the mercury; P the pivot over which the string passes, and upon 
which the hand turns : W the weight which forms the pulley with the weight F. 

635. Why does the hand of the weather dial change 
its position when the column of mercury rises or falls ? 

Because a weight, which floats upon the open surface of the 
mercury, is attached to a string, having a nearly equal weight at 
the other extremity : the string is laid over a revolving pivot to 
which the hand is fixed, and the friction of the string turns the 
hand as the mercury rises or falls. 

636. Why does tapping the face of the barometer some' 
times cause the hand to move? 

Because the weight on the surface of the mercury frequently 
leans against the sides of the tube, and does not move freely. 
And, also, the mercury clings to the sides of the tube by capillary 
attraction ; therefore, tapping on the face of the barometer sets 
the weight free, and overcomes the attraction which impedes the 
rise or fall of the mercury. 

637. Which is the heavier, dry or vaporised air ? 
Dry air is heavier than air impregnated with vapours. 

638. Why is dry air heavier than moist air? 

Because of the extreme tenuity of watery vapours, the density 
of which is less than that of atmospheric air. 

639. Why does the fall of the barometer denote the 
approach of rain ? 

Because it shows that as the air cannot support the full weight 
of the column of mercury, the atmosphere must be thin with 
watery vapours. 

The fall of the mercury in the loug arm of the tube would cause the weight 
F to be pressed upwards. This would release the string to which the weight 
W is attached; it would, therefore, fall, and turn the hand down to Rain, or 
Much Rain. 
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"He gathereth the waters of the sea together as an heap; he layeth 
up the depth in storehouses."— Psai.m xxxiii. 



640. Why does the rise of the barometer denote the 
approach of fine weather? 

Because the external air becoming dense, and free from highly 
elastic vapours, pressed with increased force upon the mercury upon 
which the weight F floats ; that weight, therefore, sinks in the 
short tube as the mercury rises in the long one, and, in sinking, 
turns the hand to Change, Fair, &c. 

641. Why does the barometer enable us to calculate the 
height of mountains ? 

Because, as the barometer is carried up a mountain, there is a 
less depth of atmosphere above to press upon the mercury ; it 
therefore falls, and by comparing various observations, it has been 
found practicable to calculate the height of mountains by the 
fall of the mercury in a barometer. 

642. To what extent of variation is the weight of the 
atmosphere liable? 

It may vary as mnch as a pound and a half to the square inch 
at the level of the sea. 

643. When does the barometer stand highest? 

When there is a duration of frost, or when north-easterly winds 
prevail. 

644. Why does the barometer stand highest at these 
times? 

Because the atmosphere is exceedingly dry and dense, and fully 
balances the weight of the column of mercury. 

645. When does the barometer stand lowest? 

When a thaw follows a long frost ; or when south-west winds 
prevail. 

646. Why does the barometer stand lowest at these 
times ? 

Because much moisture exists in the air, by which it is rendered 
less dense and heavy. 

v 
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" But the land, whither ye go to possess it, is a land of hills and valley*; 
and drinketh water of the rain of heaven."— Butt. xi. 



647. What effect has heat upon the barometer? 
It causes the mercury to fail, by evaporating moisture into 
the air. 

646. What effect has cold upon the barometer t 
It causes the mercury to rise, by checking evaporation, and 
increasing the density of the air. 

640. In noting barometrical indications, more attention should be paid to the 
tendency of the mercury at the time of the observation than to the aetotal 
state of the column, whether it stands high or low. The following rules of. 
barometic reading are given as generally accurate, but liable to exceptions :— 

Fair weather, indicated by the riee of the mercury. 

Foul weather, by the fall of the mercury. 

Thunder, indicated by the faU of the mercury in sultry weather. 

Cold, indicated by the riee of the mercury in spring, autumn, and' winter. 

Meat, by the fall of the mercury in summer and autumn. 

Frost, indicated by the rise of the mercury in winter. 

Thaw, by the fall of the mercury during a frost. 

Continued bad weather, when the fall of the mercury has been gradual 
through several fine days. 

Continued fine weather, when the rise of the mercury has been gradual 
through several foul days. 

Bad weather of short duration* when it sets in qnekly. 

Fine weather of short duration, when it sets in quickly. 

Changeable weather, when an extreme change has suddenly set in. 

Wind, indicated by a rapid rise, or faU unattended by a change of tem- 
perature. 

The mercury rising, and the air besoming cooler, premises fine weather ; 
but the mercury rising, and the air becoming warmer, the weather wail be 
changeable. 

If the top. of the column of mercury appear convex, on owed upwards,, it is 
an additional proof that the mercury is rising. Expect fine weather. 

If the top of the column is concave, or curved downwards, it is an additional 
proof that the mercury is falling. Expect bad weatne*. . 



CHAPTER XXXII. 

650. What is sound? 

Sound is an impression prodauted uponMe eat hy vi&ratioms of 
the air. 

651. What causes the. air. to. vibrate. and produce sound* ? 
The atoms of elastic bodies being caused to vikeaie^i^an^ 
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cation of some kind of force, the vibrations of those atoms are 
imparted to the air, and sound is produced. 

652. Sow do we know that sounds .are produced by the 
vibrations of the air 9 induced by the vibrations of ike atoms 
of bodies ? 

If we take a toning fork, and hold it to the ear, we hear no sound. 
If we more it rapidly through the air, or if we blow upon it, it pro- 
duces no sound; but if we strike it, a sound immediately occurs; 
the vibration of the fork may be seen, and felt by the hand that 
holds it ; and, as those vibrations cease, the sound dies away. 

653. How do we know that without air there would be 
no sound? 

Because if a tuning-fork were to be struck in a vacuum (as under 
the receiver of an air pump) no sound would be heard, although the 
vibrations of the fork could be distinctly seen. 

654. Sow are the vibrations of sonorous bodies imparted 
to the air? 

When a bell is struck, the force of the blow gives an instant 
agitation to all its particles. The air around the bell is driven back 
by the impulse of the force, and thus a vibration of compression is 
imparted to the air ; but the air returns to the bell, by its own 
natural elasticity, thus producing a vibration of expansion when it 
is again struck, and thus successive vibrations of compression and 
expansion are transmitted through the air. 

655. Sow rapidly are these vibrations transmitted through 
the air? 

They travel at a rate of rather more than a quarter of a mile in 
a second, or twelve miles and three-fourths in a minute. 

656. Do all sounds travel at the same rate ? 

All sounds, whether strong or weak, high or low, musical or 
discordant, travel with the same velocity. 
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"And I will cause the noise of thy songs to cease; and the sound of thy 
harps shall no more be heard."— Ezekiel xxvi. 



657. Why are bells and glasses stopped from ringing 
by touching them with the finger? 

Because the contact of the finger stops the vibration of the 
atoms of the metal and glass, which therefore cease to impart 
vibrations to the air. 

658. Why does a cracked bell give discordant sounds? 
Because the connection between the atoms of the bell being 

broken, their vibrations are not uniform: some of the atoms 
vibrate more intensely than the others; the vibrations imparted 
to the air are, therefore, jarring and discordant. 

659. Why, when we see a gun fired at the distance, 
do we see the flash and smoke before we hear the report ? 

Because light, which enables us to see, travels at the velocity 
of 192,000 miles in a second; while sound, by which we hear t 
travels only at the rate of a quarter of a mile in a second. 

660. Why does the tread of soldiers, when marching 
in long ranks, appear to be irregular? 

Because the sounds proceeding from different distances reach 
our ears in varying periods of time. 

661. Why does the length of a wire or string determine 
the sound that it produces ? 

Because the shorter the string the more rapid are its 
vibrations when struck. 

662. Why does the tension of a wire or string affect its 
vibrations ? 

Because when the string or wire is tight, a touch communicates 
vibrations to all its particles; but when it is loose the 
vibrations are imperfectly communicated. 

663. Why are some notes low and solemn, and others 
high and quick? 

Because the vibrations of musical strings vary from 32 vibrations 
in a second, which produces a soft and deep bass, to 15,000 
vibrations in a second, which produces the sharpest treble note. 
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"My heart maketh a noise in me: I cannot hold my peace, because thou 

hast heard, O my soul, the sound of the trumpet, the alarm 

of war."— Jbbemiah. iv. 

664. What are the numbers of vibrations in a second 
that produce the various musical sounds ? 

C or Do, 480 vibrations in a second ; B or Si, 450 vibrations ; 
A or La, 400 vibrations ; G or Sol, 360 vibrations ; F or Fa, 
320 vibrations ; E or Mi, 300 vibrations ; D or Ee, 270 vibrations ; 
It is tbus seen tbat tbe more rapid the vibrations, the higher 
the note, and vice versa. 

665. Why^ can our voices be heard at a greater distance 
when we speak through a tube ? 

Because the vibrations are confined to the air within the 
tube, and are not interfered with by other vibrations or movements 
in the air ; the tube itself is also a good conductor of sound. 

666. Is air a good conductor of sound ? 

Air is a good conductor, but water is a better conductor than 
air ; wood, metals, the earth, &c., are also good conductors. 

667. Why can we hear sounds at a greater distance on 
water than on land? 

For various reasons : because the smooth surface of water is a 
good conductor ; because there are fewer noises, or counter vibra- 
tions, to interfere with the transmission of sound; and because 
there are no elevated objects to impede the progress of the 
vibrations. 

668. Why do sea-shells give a murmuring noise when 
held to the ear? 

Because what may be called expended vibrations always exist 
in air where various sounds are occuring. These tremblings 
of the air are received upon the thin covering of the shell, and 
thus being collected into a focus, are transmitted to the ear. 

669. Why can people in the Arctic regions converse when 
more than a mile apart ? 

Because there the air, being cold and dense, is a very good 
conductor; and the smooth surface of the ice also favours the 
transmission of sound. 
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"The morning is come unto thee, O thou that dweilest in the land ; the 

time is come, the day of trouble is near, and not the sounding 

again of the mountains."— Ezikiel yii. 

670. Why do savages lay their heads upon the earth to 
hear the sounds of wild beasts, Sfe, ? 

Because the earth is a good conductor of sound. For this 
reason, also, persons working under ground in mimes can hear 
each other digging at considerable distances. 

671. Why can church clocks be heard striking much 
more clearly at some times than at others? 

Because the density of dry air improves the sound-conducting 
power of the atmosphere. The transmission of sounds is also 
assisted by the direction of the winds. 

672. Why may the scratching of a pin at one extremity 
of a long pole be heard by applying the ear to the opposite 
extremity ? 

Because wood is a good conductor of sound, and its atoms are 
susceptible of considerable vibration. It is, therefore, chosen in 
numerous instances for the construction of musical instruments. 

Deaf persons have been known to derive pleasure from music by placing 
their hands upon the wood- work of musical instruments while being played 
upon. 

673. Why is the hearing of deaf persons assisted by 
ear-trumpets ? 

Because ear-trumpets collect the vibrations of the air into a 
focus, and make the sounds produced thereby more intense. 

674. Why are sounding-boards used to improve the 
hearing of congregations ? 

Because, being suspended over, and a little behind, the speaker, 
they collect the vibrations of the air,. and reflect them towards the 
congregation. 

675. What are echoes ? 

Echoes are sounds reflected by objects on which they strike. 

676. Why do some echoes occur immediately after a 
sound? 

'Because the reflecting surface is very near ; therefore the sound 
returns immediately. 
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" And even things without life giving sound, whether pipe or harp, except 

they give a distinction in the sounds, how shall it be known what is 

piped or harped ?'*— Cobistk. xrv. 



677. Why do some echoes occv/r a considerable time 
after a sound? 

Because they are at a considerable distance, and the sound takes 
time to travel to it and time to return. 

678. Why do some echoes change the tone and quality 
of sound ? 

Because the reflecting surface, having vibratory qualities of its 
own, mingles its own vibrations with those of the sound. 

679. Why are there sometimes several echoes to one 
sound ? 

Because there are various reflecting surfaces at different 
distances, each of which., returns an echo. 

680. Are sounds reflected only by distant objects ?' 
Sounds are doubtless reflected by walls and ceilings around us. 

But we do not perceive the echoes; because they are so near that 
they occur at the same moment with the sound. In lofty buildings, 
however, there is frequently a double sound, making the utterance 
of a speaker, indistinct* This. arises from the echo following, very 
closely upon the sound! 

681. Why<, when we are walking under an archway or 
a. tunnel ', do our voices, appear louder ? 

Became the sounds- of our voices are immediately reflected* 
And as a gas reflector increases the intensity of light, so a sound, 
reflector will increase the apparent strength of our voices. 

682. There are many places where remarkable echoes occur. On the hanks of 
the Rhine, at Lurley; if the weather be'favourable, the- report of «a rifle, or the 
sound of a trumpet, will be repeated at different periods, and withrvariour 
degrees of strength, from crag to crag, on opposite sides of the river alternately* 
A similar effect is heard in the neighbourhood of some of the Lochs in Scotland. 
There is a place at "Woodstock, in* Gloucestershire, which ia-eaid to echo a sound 
fifty times. Near Roseneath, a few miles from Glasgow, there is a spot where/ if 
a person plays abart>f music upon a bridge, the notes will be repeated 'by- an 
echo, but a third lower ; after a short pause, another echo is heard, again in a 
lower tone ; then follows another pause; and a third repetition follows in* a -still 
lower key. The effect is very enchanting. The whispering galleries of St. Pawl's, 
of. the cathedral church of Gloucester, and of the Observatory of Paris, owe 
their curious effects to those laws of the reflection of sound by which* echoes' 
areprodueedi bat in. these <xases the effect is assisted by the eUptioal form of 
the edifloe* each- peison. being in the focus .of an etinse* 
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' Where no wood is, there the fire goeth out : so where there is no tale- 
bearer the strife oeaseth."— Pbo verbs xxvi. 



CHAPTER XXXIII. 

683. What are gases? 

Gases are permanently elastic aeriform fluids, or substances 
which have the appearance of air ; they are transparent, elastic, 
ponderable, and, with few exceptions, are invisible. 

684. Why may gases be obtained from solid bodies? 
Because caloric enters into combination with the substances 

forming the gas, and produces therein a high degree of elasticity. 

685. Why is not vapour considered to be gas? 
Because, although it resembles gas in many respects, the caloric 

which produces it is but feebly combined with its particles, and it 
exhibits a tendency to part with the caloric, and return to its 
previous state of water. But in gases caloric is united by a very 
forcible affinity to the substance forming the gas, and produces 
permanently aeriform elastic fluids. 

686. Why are gases called variously hydrogen, oxygen, 
carbonic acid, Sfc. ? 

Because the gases are named after the solids that form their 
base : thus, oxygen gas is oxygen rendered gaseous by caloric ; and 
the same explanation applies to hydrogen, nitrogen, carbonic acid, 
and other gases. 

687. Why is carbonic acid gas so called? 

Because it is formed of a combination between carbon and 
oxygen. 

688. Acids are distinguished according to the proportion of oxygen which they 
contain. The termination ic and ous, are employed to denote the larger or 
smaller proportion of oxygen, as nitric acid, sulphuric acid, nitrous acid, and 
sulphurous acid. The termination ic expresses the larger proportion of oxygen. 

689. What are the properties of oxygen gas ? 

The oxygen gas in the air is the chief supporter of combustion, 
and the vehicle of heat. It is absolutely necessary to animal life. 
Oxygen performs an important part in most of the changes which 
take place in the mineral, animal, and vegetable kingdoms. 



Digitized by VjOOQ IC 



THE BBA80N WHY. 137 



"Thus saith the Lord, Let not the wise man glory in his wisdom, neither 

let the mighty man glory in his might, let not the rich man 

glory in his riches."— Jebemiah ix. 

690. What is oxygen? 

Oxygen is one of the most widely diffused of the elementary 
substances. It is a gaseous body. 

691. Why do persons who are walking or riding feel 
warmer than when they are sitting still ? 

Because as they breathe more rapidly, the combustion of the 
carbon in the blood is increased by the oxygen inhaled, and 
greater heat is developed. 

692. Why does the fire burn more brightly when blown 
by a bellows ? 

Because it receives with every current of air, a fresh supply of 
oxygen, which unites with the carbon and hydrogen of the coals, 
causing more rapid combustion and increased heat. 

693. Why does not the oxygen of the air sometimes 
take fire ? 

Because oxygen, by itself is incombustible. The wick of a 
candle, which retains the slightest spark, being immersed in 
oxygen, will instantly burst into a brilliant flame; and even a 
piece of iron wire made red-hot, and dipped in oxygen, will 
burn rapidly and brilliantly. Oxygen, though non-combustible 
of itself, is the most powerful supporter of combustion, 

694. Why do we know that oxygen will not burn of 
itself? 

Because when we immerse a burning substance into a jar of 
oxygen, it immediately burns with intense brilliancy ; but directly 
it is withdrawn from the oxygeu, the intensity of the flame 
diminishes, and the oxygen which remains is unaffected. 

695. Why do we know that oxyyen is necessary to our 
existence ? 

Because animals placed in any kind of gas, or in any 
combination of gases, where oxygen does not exist, die in a very 
short time. 
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^Snifcly «r«iy mm walfceth in a vain show; surely they are diaouittoi'in 

vain: he heapeth up riches, and knoweih not -who shall, gather 

them."— PsAiiM "ctttt 

696. Where is oxygen found ? 

It w found in the air, mixed "with nitrogen; in water 
combined with hydrogen; in the tissues of vegetables and 
animals; in our blood; and in various compounds called, from 
the presence of oxygen, oxides. 

697. Why is the oxygen of the air mixed so largely 
with nitrogen ? 

Because oxygen in any greater proportion than that in which 
it is found in the atmosphere would be too exciting to the animal 
system. Animals placed in pure oxygen die in great agony 
from fever and excitement, amounting to madness. 

698. What is nitrogen ? 

Nitrogen is an elementary body in the form of gas ; it is the 
principal of nitre made gaseous by combination with caloric. 

699. Where is nitrogen found ? 

It is chiefly found in the air, of which it constitutes 79 out of 
100 volumes. It may be mixed with oxygen in various 
proportions; but in the atmosphere it is uniformly diffused. 
It is found in most animal matter, except fat and bone. It is 
not a constituent of the vegetable acids, but it is found in most 
of the vegetable alkalies. 

700. What are acids ? 

Acids are a numerous class of chemical bodies. They are 
generally sour. Usually (though there are exceptions) they have a 
great affinity for water, and are easily soluble therein ; they unite 
readily with most alkalies, and with the various oxides. All 
acids are compounds of two or more substances. Acids are found 
in all the kingdoms of nature. 

701. What are alkalies ? 

Alkalies are a numerous class of Bubstances that have a great 
affinity for, and readily combine with, acids, forming salts. 
JThey exercise peculiar influence upon vegetable colours, turning 
blues green, and yellows reddish brown. But they will restore the 
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"Out thy burden upon the Lord, and he shall sustain thee; he shall never 
suffer the righteous to be moved."— Pbalm lv. 



colours of vegetable bines which have been reddened by acids; 
and, on the other hand, the acids restore vegetable colours that 
have been altered by the alkalitt. Alkalies are found in all the 
kingdoms of nature. 

702. Gould animals live in nitrogen 

No; they would immediately die. But a mixture of oxygen 
and nitrogen, in equal volumes, constitutes nitrous oxides, which 
gives a pleasurable excitement to those who inhale it, causing 
them to be merry, almost to insanity; it has, therefore, been 
called laughing gas. 

703. Why does nitrous oxide produce this effect ? 
Because it introduces into the body more oxygen than can be 

consumed. It, therefore, deranges the nervous system, and being 
a powerful stimulant, gives an unnatural activity to the nervous 
centres and the brain. 

704. In what proportions are the atmospheric gases 
found m the blood ? 

The mean quantity of tha gases contained in the human 
blood has been found to be equal to l-10th of its whole volume. In 
venous blood, the average quantity of carbonic acid is about l-18th> 
that of oxygen about l-85th, and that of nitrogen about l-100th of 
the volume of the blood. In arterial blood their quantities have 
been found to be carbonic acid about l*14th, oxygen about l-39th, 
nod nitrogen about l»72n<L 

705v When is nitrogen taken into the blood from the 
air? 

Such a supposition is highly improbable. It is probably- 
derived from nitrogenised food, just as carbonic acid is derived 
from carbonised /bod. 

706. What is venous blood ? 

Venous blood is that which returns through th&, veins of tha 
body from the organs to which it has been circulated. 

707. What is. arterial blood f 

Arterial blood, is that which* flows from th» heart through 



Digitized by VjOOQ IC 



140 THE REASON WHY. 



'And the strong shall be as tow, and the maker of it as a spark, and they 
shall both burn together, and none shall quench them."— Isaiah i. 



the arteries to nourish the parts where those arteries are 
distributed. 

708. What is the difference between venous and arterial 
blood ? 

Venous blood contains more carbonic acid, and less oxygen 
and nitrogen than arterial blood. 



CHAPTER XXXIV. 

709. Will nitrogen burn? 

It will not burn, nor will it support combustion. 

710. What is the difference between " burning " and 
"supporting " combustion ? 

Oxygen gas will not burn of itself, but it aids the decom- 
position by fire of bodies that are combustible. It is therefore 
called a supporter of combustion. But hydrogen gas, though 
it burns of itself, will extinguish a flame immersed in it. It is 
therefore said to be a body which will burn, but will not 
support combustion, 

711. What becomes of the nitrogen that is inhaled 
with the air ? 

It is thrown off with the breath, mixed with carbonic acid 
gas, and flies away to be renewed by a fresh supply of oxygen. 

712. Where does nitrogen find afresh supply, of oxygen ? 
In the atmosphere. Nitrogen is said to possess a remarkable 

tendency to mix with oxygen, without having a positive chemical 
affinity for it. That is to say, neither the oxygen nor the nitrogen 
undergo any change by the union, except that of admixture. The 
oxygen and the nitrogen still possess their own peculiar properties. 
Oxygen and nitrogen are found in nearly the same proportions in 
all climates, and at all altitudes. 

713. Why is nitrogen also called azote? 

It is so called from the Greek, on account of its destructive 
effects upon animal life when breathed in a pure state. 
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"When his caudle sinned upon my head, and when by his light I walked 
through darkness."— Job xxii. 



714. In combustion does any other result take place 
besides the union of oxygen and carbon forming carbonic 
acid gas? 

Yes. Usually hydrogen is present, which, in burning, unites 
with oxygen, and forms water. 

715. What is carbon ? 

Carbon is one of the elementary bodies. It abounds throughout 
the vegetable kingdom, and is also contained in animal and mineral 
bodies. It is commonly known in the forms of charcoal, coal, soot, 
&c., and the most valuable of all gems, the diamond, is nothing 
but pure crystalised carbon. 

716. Hence we derive another of the beautiful lessons of science -a lesson 
which teaches us to despise nothing that God has given. The soot which 
blackens the face of a chimney-sweep, and the diamoud that glistens in the 
crown of the monarch, consist of the same element in merely a different 
atomic condition. What a lesson of humility this teaches to Pride! The 
haughty beauty as she walks the ball-room, inwardly proud of the radiance 
of her gems as they rise and fall upon her breast, little thinks or knows 
that every breath that is expired around her wafts away the like element 
qf which her treasures are composed. That even in our flesh and bones 
the same abounding substance lies hid; and that the buried tree of the 
primitive world, and the little flower of to-day, are both instrumental in 
giving this singular element to man! 

717. Is charcoal a simple or a compound substance ? 
It is a compound substance, consisting of the woody fibre 

of vegetables partially oxidised; it also contains a small pro- 
portion of hydrogen, and some earthy matter. 

718. What is the use of carbon in the vegetable kingdom ? 
Carbon forms the chief part of the solid bases of all vegetables, 

from the most delicate flower in the garden to the huge oak of the 
forest. 

719. What is the use of carbon in the animal "kingdom ? 
As it enters into all vegetable, so it forms a part of all animal 

bodies. 

720. What are the proportions of oxygen and carbon 
that form carbonic acid gas ? 

One hundred parts of carbonic acid gas consist of twenty-eight 
parts of carbon and seventy-two of oxygen. 
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1 Lard make me know mine end, and the measure of my daya, tha* I may- 
know how frail I am."— Esauc xxxix. 



721. Why does this mixture, called carbonic add' gas, 
prove fatal to life? 

Because the carbon has such a powerful affinity for oxygen that, 
it will not impart it to the blood. Animals that breathe carbonic 
acid gas become suffocated for want of oxygen, 

722. In what state does carbonic acid, exist in nature? 
In gas, in mixture with air and water, and. in vaii.;iw chemical 



723. Why will a lighted candle placed under an inverted 
glass cease to* burn after a few minutes? 

Because in burning the oxygen of the air combines with the 
carbon of the candle, and forma carbonic acid gas* which will 
neither support flame nor animal life. 

724. Why does carbonic acid gas accumulate' on the 
floors of places where it is in excess ? 

Because it is the heaviest of all gases; it therefore has a 
tendency to fall and become concentrated in low places. 

725. Why is it proper to lower a lighted candle intb 
wells and deep places before venturing into them ? 

Because frequently there is in such places an accumulation of 
carbonic acid gas, which would be instantly fatal to life. If the 
candle should cease to burn, it would show that a person could not 
descend until the pit or well had been ventilated, without loss of 
life. 

726. Why would the going out of the candle show the 
danger that might attend a person entering the well ? 

Because oxygen is the gas which sustains life as well as flame ; 
and where a name will not burn, animals cannot live. 

727. Why do dogs that enter the Grotto del Gano in 
Italy, drop down dead? 

Because a stream of carbonic acid gas flows along: the floor 
of the grotto, from the sources of which it is generated in the earth. 

728. Why may men enter the cave without feeling, ike 
effects of the poisonomgas ? 
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^And tin #Mttrii.Mftd unto the wtss, Give xm of your tO, Ibr our Imps 
are gone out."— Mjctt. xxr. 



»:tbe fts^mi^ feosy, Iks upon the floor of the care; 
the head of a man rises above it, and he breathes the air. 

72©. Why Should quick-lime sbe thrown into a well 
charged with carbonic acid? 

Because the time, If -sprinkled with a little water, would begin 
'to slacken, and as it slackened it would absorb the carbon of ike 
gas, forming carbonate of lime. Persons might afterwards descend 
in safety. 

730. Why do fatal accidents often happen from burning 
charcoal in chambers ? 

Because, wherever charcoal is burnt, carbonic acid gas is 
formed abundantly, by the combination of the oxygen of the air 
•with the carbon of the charcoal. 

731. Why do workmen sometimes lose their lives by 
sleeping too near lime kilns? 

Because limestone is a carbonate of lime, and when it is being 
burned large volumes of carbonic acid gas are driven off. Persons 
who lie down near kilns are likely to be involved in streams of 
this gas, and to be suffocated. 



CHAPTER XXXV. 

732. Why does water contain carbonic acid gas ? 
Because carbonic acid gas is absorbable by water. If a jar be 

.partly filled with the gas, and it be allowed to stand some hours 
over water, an absorption will take place till none of the gas 
remains. 

733. Why has fresh water a brisk and pleasant taste ? 
Because it contains carbonic acid gas. 

734. Why does water loose Us brisk 4md pleasant taste 
when boiled ? 

Because it is wholly deprived oi carbonic acid gas by boiling. 

735. Why does soda-water effervesce and sparkle ? 
Because it is artificially impregnated with carbonic acid gas. 

By pressure, water may be combined with twice and a half of its 



Digitized by VjOOQ IC 



144 THE SEASON WHY. 



'As coals are to burning coals, and wood to fire; so is a contentions man 
to kindle strife."— Pbovebbs xxyi. 



own bulk of this gas. But as soon as the pressure is removed, 
the gas escapes, 

736. Why do cyder, perry, ale, champagne, Sfc, sparkle 
and effervesce ? 

Because they contain carbonic acid gas, a great part of which, 
on uncorking the bottle, expands again to the gaseous form. In 
escaping, it produces the froth which runs so abundantly from 
bottles. 

737. Why is carbonic acid gas produced during fermen- 
tation ? 

Because in vinous fermentation a decomposition of the sweet 
matter takes place, in which a part of the oxygen is disengaged ; 
this unites with a part of the carbon of the sugar, forming 
carbonic acid gas, 

738. What is hydrogen ? 

Hydrogen is the base of what has been generally called 
inflammable air, now known as hydrogen gas; it is also one 
of the component parts of water ; but it does not exist except in 
combination with other substances, or in the gaseous form, 
alternated by caloric. 

739. Why do balloons filled with hydrogen gas ascend? 
Because hydrogen gas is lighter than common air. Pure 

hydrogen gas is the lightest of all known bodies. 

740. Why is hydrogen, the lightest of all gases, spoken 
of also as a solid body ? 

Because, although when in the aerial state, it is the lightest of 
ail known substances, yet when imbibed by living vegetables it 
becomes a solid, and forms oil, wax, resin, &c. ; and in combination 
with oxygen it constitutes water, which has the property of 
becoming either solid, fluid, or aeriform. 

741. Will hydrogen support combustion ? 

Although it will burn, yielding a feeble green light, it will, if 
pure, extinguish a flame that may be immersed in it. Hydrogen 
will therefore burn, but will not support combustion, 

742. Why will hydrogen explode, if it will not support 
combustion ? 
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" But the wise answered saying, Not so; lest there be not enough for 

us and you : but go ye rather to them that sell, and buy for 

yourselves.'*— Matt. xxv. 

When hydrogen explodes it is always in combination with oxygen, 
or with the common air, which contains oxygen. Two measures of 
hydrogen and one of oxygen form a most explosive compound. 

743. Why does hydrogen explode, when mixed with 
oxygen, upon being brought in contact with fire ? 

Because of its strong affinity for oxygen, with which, upon the 
application of heat, it unites to form water. 

744. What is combustion? 

Combustion is a chemical process by which certain substances 
decompose oxygen gas, absorb its base, and suffer its caloric to 
escape, producing heat. 

When a combustible body is heated to a high degree, it 
possesses such an attraction for oxygen, that it absorbs it for the 
air, and fixes it in a solid form ; while the caloric which gave to 
the oxygen its aeriform condition is set free and diffused. 

745. Whence comes the light that is produced by com- 
bustion ? 

It is supposed that light, like heat, is latent in those bodies that 
evolve it during chemical action. If this be true, oxygen gas 
supplies the heat and some of the light that is given out in 
burning. 

746. What effects are generally produced by the process 
of combustion ? 

The effects of combustion are in some degree modified by the 
nature of the body burned. 

In the burning of a common fire, carbonic acid gas is 
produced, by the combination of the carbon of the coals and the 
oxygen of the air ; and water is formed by the combination of the 
hydrogen of the coals with other portions of oxygen. 

Hence ordinary combustion consists of a compound chemical 
action, during which carbonic acid gas and water are formed, 
and light and heat liberated. 

747. Why is there such a continuous heat given out 
of a fire? 

Because a fresh supply of oxygen is conveyed to the fire in the 
currents of air that move towards it. 

p 2 
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"The fining pot is for silver, and the furnace for gold: but the Lord 
trieth the hearts."— Peovbebs xvii. 

It is from the oxygen that the heat chiefly emanates j hence the 
heat will continue as long as the combustible body lasts and 
maintains a temperature sufficiently high to decompose oxygon gas. 

748. Where does hydrogen chiefly exist? 

In the form of water, where it exists in combination with owygen* 
Eleven parts of hydrogen, and eighty-nine of oxygen, form water. 

749. Is hydrogen found elsewhere ? 

It is never fonnd but in a state of combination ; united with 
oxygen, it exists in water; with nitrogen, in ammonia; with 
chlorine, in hydro-chloric acid; with fluorine, in hydrofluoric 
acid; and in numerous other combinations. 

750. Is the gas used to illuminate our streets, hydrogen 
gas? 

It is ; but it is combined with carbon, derived from the coals from 
which it is made. It is therefore called carburetted hydrogen, 
which means hydrogen with carbon. 

751. Sow is hydrogen gas obtained from coals? 

Tt is driven out of the coals by heat, in closed vessels, which pre- 
vents its union with oxygen. 

752. What becomes of the water which is formed by 
the burning of hydrogen in oxygen ? 

It passes into the air in the form of watery vapour. Frequently 
it condenses, and may be seen upon the walls and windows of rooms 
where many lights or fires are burning. Sometimes, also, portions 
of it become condensed in the globes of the glasses that are 
suspended over the jets of gas. A large volume of these gases 
forms only a very small volume of water. 

753. What becomes of the carbonic acid gas which is 
produced by combustion? 

It is diffused in the air, which should be removed by adequate 
ventilation. 

754. What proportion of carbonic acid gas is dangerous 
to life? 

Any proportion over the natural one of 1 per cent, majdbe 
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* From. the place of hi* habitation he looketh upon all the inhabitants of 
the earth."— Psalm xxxiii. 



regarded as injurious. But it baa bean ascertained that five per 
cent, of carbonic acid gas in the atmosphere is dangerous to life. 

755. Is an escape of hydrogen gas from a gen-pipe 
dangerous to life? 

It is dangerous, first, by inhalation. There are no less than 
six deaths upon record of persons who were killed by gaping in 
rooms near to whioh there was a leakage of gas» 

It is dangerous* secondly, by explosion. 

766. In 1848, an explosion of gas occurred in Albany-street, Regent's-paric, 
London. The gas accumulated in a shop for a very short time only. It had 
been escaping from a crack in the meter for about one hour and twenty 
minutes. The area of the room was about 1,600 cubic feet. When the gas 
exploded, it blew out the entire front of the premises, carried two persons 
through a window into an adjoining yard, and forced another person on to the 
pavement on the opposite side of the street, where she was? killed. The offset 
of the explosion was felt for more than a quarter of a mile on each side of the 
house, and most of the windows in the neighbourhood were shattered. The 
iron railings over the area of the house directly opposite were snapped asunder ; 
and a part of the roof, and the back windows of another house, were carried to 
a distance of from 200 to 300 yards. The pavement was torn up for a considerable 
lent th, and the damage done to 108 houses was afterwards reported to amount 
to £20,000. Other serious explosions have taken place. The explosions of " coal 
damp" which frequently occur in mines, are of a similar character. 

757. What proportion of hydrogen gas with atmospheric 
air will explode? 

According to the researches' of Sir Humphrey Davy, seven or. 
eight parts of air, to one of gas, produce the greatest explosive 
effect ; while larger proportions of gas are less dangerous. A mix- 
ture of equal parts of gas and air will burn, but it will not explode, 
The same is the case with a mixture of two of air, or three of air, 
and one of gas ; but four of air and one of gas begin to be explo- 
sive, and the explosive tendency increases up to seven or eight of 
air and one of gas, after which the increased proportion of gas 
diminishes the force of the explosion: 

758. What is the best method of preventing, the expJUh 
siea, of/go*? 

Observe the rule, never to approach a supposed leakage with a 
lig&t* Fortunately the gas, whioh threatens our lives, warns usrof 
the danger by its. pungent smell. The first thing to be done is to 
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' How oft is the candle of the wicked put oat ? and how oft cometh their 
destruction upon them/'— Job xxi. 



open windows and doors, and to ventilate the apartment. Then 
turn the gas off at the main, and wait a short time until the accu- 
mulated gas has been dispersed. 

759. Does hydrogen gas rise or fall when it escapes ? 
Being twelve times lighter than common air it rises, and there* 

fore it would be better for ventilation to open the window at the 
top than at the bottom. But all gases exhibit a strong tendency to 
diffuse themselves, and therefore they do not rise or mil in the 
degree that might be anticipated. 

760. What proportion of hydrogen in the air is dan- 
gerous to life } if inhaled ? 

One-fiftieth part has been found to have a serious effect upon 
animals. The effects it produces upon the human system are those 
of depression, headache, sickness, and general prostration of the 
vital powers. It is therefore advisable to observe precautions in the 
use of gas. 

761. What proportion of gas in the air may be 
recognised by the smell? 

By persons of acute powers of smelling it may be recognised when 
there is one part of gas in five hundred parts of atmospheric air ; 
but it becomes very perceptible when it forms one part in a hundred 
and fifty. Warning is, therefore, given to us long before the point 
of danger arrives. 

762. What other sources of hydrogen are there in our 
dwellings / 

It arises from the decomposition ot animal and vegetetable sub- 
stances, containing sulphur and hydrogen. These give off a gas 
called sulphuretted hydrogen, from which the fetid effluvium of 
drains and water-closets chiefly arises. We should, therefore, take 
every precaution to secure effective drainage, and to keep drain- 
traps in proper order. 

763. May the use of gas for purposes of illumination 
be considered highly dangerous? 

Not if it is intelligently managed. The appliances for the regu- 
lation of gas are so very simple and perfect, that accidents Beldom 
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" Though I walk in the valley of the shadow of death I will fear no evil, 
for thou art with me."— Psalm xxiii. 



arise except from neglect. In England 6,000,000 tons of coal are 
usually consumed in the manufacture of gas, producing 60,000,000,000 
cubic feet of gas. And yet accidents are of very uncommon 
occurrence. 

764. What becomes of the oil that is burnt in lamps t 
The carbon of the oil unites with the oxygen of the atmosphere, 

and forms carbonic acid gas ; while its hydrogen unites with 
another portion of oxygen, and forms water. Every 100 ounces of 
oil thus burnt produce 130 ounces of water. 

765. Are any substances annihilated by being burnt? 

When bodies are burnt they are not destroyed ; they had pre- 
viously formed together one kind of compound, and they now 
separate from each other, at the high temperature to which they 
are exposed, in order to form others with the vital air in contact with 
them ; and such of the principles as cannot unite with the vital 
air — viz., the earth, and some saline or metallic particles, compose 
the cinder. 

766. The economy of nature should teach us a very impressive lesson— nothing 
is suffered to be wasted, not even the slightest atom. As soon as any body has 
fulfilled its purpose in one state of being, it is passed on to another. The 
candle, existing no longer as a candle, is flying upon the wings of the -air as 
carbonic acid gas, and as nater. These probably find their way to the garden 
or the field, where the carbonic acid gas forms the food of the plant, and the 
water affords a refreshing drink. And can it be supposed that the Almighty 
Being, who has thus economised the existence of the material creation, should 
be less mindful of the immaterial soul of man ? There is an eternity before us, 
the certainty of which is evidenced by even by the laws of the material creation. 



CHAPTER XXXVI. 

767. Why is it necessary to apply a flame to light a 
candle ? 

Because the heat of flame is greater than that of a red lieat ; 
when flame is applied, a degree of heat is given to the wick, suffi- 
cient to destroy the affinity of its constituent parts; part of the 
tallow is instantly melted, volatilised, and decomposed ; its hydrogen 
takes fire and the candle burns. 

768. Why does the light of the candle improve after a time ? 
Because, as the heat increases, the amount of gas evolved from 
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" Neither do men light a candle, and put it under a bushel, but on a 

candlestick, and it giveth light unto all that are in the house."— 

Matthew y. 

the candle is increased, the flame enlarges, and the carbon taking 
part in the combustion improves the light of the flame. 

769. Why does the tallow ascend the wick ? 

It is liquified by the heat of the flame, and is drawn np the 
wick by capillary attraction; when it comes into contact with the 
flame, it is converted into inflammable gas. 

770. Why does the wicJc of the candle turn black ? 
Because the charcoal of the cotton becomes predominant, when 

its other constituents are driven off. The flame surrounding it, 
it cannot undergo the oxidating influence of the air ; it therefore 
remains for a considerable time in its natural state. 

771. Why do tallow candles require snuffing? 
Because the wick forms a support for an accumulation of soot, 

which is produced by imperfect combustion. 

772. Why, if the candle be made of wax,, does it not 
require snuffing. 

Because the thinness of the wick permits it to bend. on one side, 
when its length is too great for its verrtical position ; its extremity 
comes then into contact with the air, and is completely burnt or 
decomposed. This small wick therefore performs the office of 
snuffing itself. 

773. Why may a thinner wick be used for a wax candle- 
than a tallow one?' 

Because wax is less fusible than tallow, therefore it affords a 
better support to the wick. 

774. Why does a pah envelope of light (a) surround 
the flame of a candle ? 

Because the liberated carbon, coming in contact with the oxygen 
of the air, becomes at once oxidised, and passes away as an 
invisible gas. 

775. Why may the pale fringe, (a) be rendered moon*, 
visible by shutting off from the eye the luminous part of 
the flame by the hand? 

Because it prevents the flow of intense light to the eye, which 
t the. pale, envelope of the flame invisible. 
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morrow is cast into - the oven, how much more will He clothe 
you, O ye of little faith."— Lukb xil 



776. Why is there aluminous flame (b) within the pale 
fringe ? 

Because there the carbon and hydrogen, in an intensely heated 
state, combines with oxygen, and burn with a bright yellow light. 

777. Why does the centre of the 
flame (c) appear like a dark cone ? 

Because there the gases jnst formed 
by the decomposition of the tallow 
are escaping, but do not ignite until 
they arrive at the second, or luminous 
cone. 

778. Why has the lower por- 
tion of the flame a blue colour f 

Because the hydrogen having a 
very strong tendency to combine with 
oxygen, some of it at once ignites. 
Hydrogen, without carbon, burns 
with a blue light, which accounts 
for the colour of the lower part of 
the flame. 

779. Why does the light of a 
candle diminish as the snuff in- 
creases ? 

diagram: sHownra tub com- Because the snuff radiates the 

BUBTIOH OF A CASDLB. heftt Q f the fo^ &nd reduc€8 fa 

temperature. Everything that tends to lower the temperature of 
flame diminishes the intensity of its light. 

780. Why do currents of cold air (b) flow towards the 
flame of a candle ? 

Because as the air is rendered hot by the flame, and mixed with 
the gas produced by combustion it rises upward in heated currents. 
The colder and denser air therefore rushes towards the flame, to 
supply the place of the warmer air that has passed away. 
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** Every tree that bringeth not forth good fruit is hewn down and cast 
into the fire."— Matthew vii. 



781. Why do the currents of air (a) ascend? 
Because, being expanded by heat, they are rendered specifically 
lighter than the surrounding air. 



DIAGRAM ILLUSTRATING THE VARIOUS PHENOMENA THAT ATTEND THE 
BURNING OF A CANDLE. 

782. What do these movements of air around the candle 
illustrate ? 

They illustrate the laws of convection by which the air is kept in 
motion over the face of the globe, by which winds are created, and 
in consequence of which storms arise. 

783. Why do rays of light proceed in every direction 
from a candle flame? 

Because light radiates in all directions from luminous bodies. 

784. Why do shadows of objects interposed between a 
light and a wall appear very large. 

Because light travels only in straight lines. The hand in the 
diagram intercepts all the rays of light that fall upon it, and 
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' Out of his mouth go burning flames, and sparks of fire leap out."— 
Job xxi. 



allows only those to pass that are diverging from flame at a 
considerable angle. Hence the light is turned off from the wall 
over a space much larger than the hand, causing a shadow of 
considerable magnitude. 

785. Why are rays of light, when they fall upon a 
polished candlestick, reflected? 

Because bright surfaces, and especially those of metal, reflect 
the rays of light, and turn them back at an angle equal to the 
angle of incidence, e e, (See 61.) 

786. Enumerate the various phenomena illustrated by 
the burning of a candle, as represented in the diagram? 

The burning of a candle illustrates the radiation of light and 
heat ; the reflection of light ; the distribution of heat by con- 
vection, and the cause of winds; the radiation of light only 
in straight lines, causing magnified shadows of objects; the 
effect of the caloric of fluidity, in rendering solid bodies fluid, 
Ac. &c. 



CHAPTER XXXVIL 

787. Sow does atmospheric air support life? 

It supports life in the same manner that it supports flame, by 
giving out its oxygen and caloric to the blood. 

788. What is given off with the breath from our lungs ? 
Carbonic acid gas, formed by the carbon of the blood combining 

with the oxygen of the air, and water. The nitrogen of the air, 
from which the oxygen has been separated, is thrown back with 
our expired breaths. 

789. What effect has air upon the animal system when 
repeatedly breathed ? 

It produces disease, and ultimately death by suffocation. 

790. Two men were employed to visit a wreck in a diving bell, in the Bay 
of Dublin. The machinery by which they were to signal their wants to 
people attending upon them became out of order. The supply of air was 
insufficient, and as they could not convey signals through the derangement 
of the machinery they died. When the bell was raised they were both found 
to be quite dead. They were not droumed, but died like the unhappy people 
in the Black Hole at Calcutta, for want of a supply of pure air. 
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• Out of his nostrils goeth smoke, as out of a seething pot or cauldron."— 
Job xli. 



791. How da clothes conduce to preserve the heat of our 
bodies? 

Clothes' keep oar bodies warm by preventing" the sudden escape, 
of heat from the surface of our bodies. 

792. Why do clothes prevent the heat of our bodies from 

escaping ? 

They keep our bodies warm, in consequence of the air which 
they enfold within them ; all confined bodies of atmosphere 
being non-conductors of heat. 

793. Why do light spongy substances, such as furs and 
down, afford the warmest clothing ? 

Because they contain air in the spaces of their texture, which 
forms a non-conducting shield around the body. 

794. What is cold? 

Cold is simply the absence of heat. There is no element to 
which the effects of cold can be.attributed. 

795. Why does a piece of glass held before a fire keep 
off the heat, but transmit the light? 

Because glass is less transparent to heat than it is to light. 
It therefore separates the heat from the light, allowing' the one 
to go through it, but detaining the other. 

796. Why does the heat of the sun pass through a 
glass window, while the heat of the fire will not so. 
readily pass thorough a pane of glass? 

The cause is unknown ; but it is conjectured that in the sun's 
rays the heat and light aro more intimately blended' than they 
are in the rays of a fire. 

797. Why does the heat of a hot body always endeavour 
to escape and pass to colder bodies? 

Because caloric always seeks to diffuse itself. For this reasoav 
all th& furniture in a room, the tables, the bureaus, the carpets, 
aad the walk, all become, heated, alike* 
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"Thmetaftth the Lord, Let not the wise man glory in hie wisdom, neither 

let the nighty man glory in hie might, let not the rich men glory 

in his riche*."— Jerbmtah ix. 



798. %f you put a stick of wood with one end in the 
fire, why can you let it burn off without feeling the heat 
at the other end? 

Because wood is a bad conductor of heat. It will not transmit 
'heat as the poker does. Therefore the handle of the. poker becomes 
hot ; but the end of the wood remains cool. 

799. Why does straw tied around pumps in winter pre- 
vent the water from freezing ? 

Because every stalk of straw is hollow, and full of air ; it is the 
air confined in the stalks of the straw that makes it so good a 
protector of many things from cold. 

800. Why does burning wood snap and throw out 
sparks? 

Because the air imprisoned in the wood expands by heat and 
bursts the cells where it is confined, carrying very small bits of 
burning wood with it. 

801. Why do wheelrights heat the iron tire of a wheel 
before they put it on? 

Because the tire when heated is larger than when cold, in 
consequence of the expansion of the metal. As it cools it shrinks, 
and hinds the wheel more firmly together. 

802. Why do they pour cold water upon the tire directly 
it is fixed? 

Because the cold water takes away the heat of the iron, and 
causes it to cool and shrink. 

803. Why does boiling water make a simmering noise? 
The noise is made by little bubbles of steam which are formed at 

the bottom of the kettle. These rush upwards, and being attracted 
to the sides of the kettle, they make a commotion which sets the 
metal in vibration, and the kettle " sings." 

804. Why does steam put steam-engines in motion? 

It is the tendency of steam to expand which makes it so very 
powerful P 
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" I will praise thee ; for I am fearfully and wonderfully made; marvellous are 
thy works ; and that my soul knoweth right well."— Psalm cxxxix. 



When steam rushes out of a small valve in a steam-engine it 
instantly spreads out into a large cloud of vapour which fills the 
air for some distance. 

Within the engine steam is prevented from expanding, and k 
allowed to escape only through certain openings. It is in forcing 
its way through these openings that it moves the machinery, and 
sets the wheel in motion. 

805. Why does the lid of a tea-kettle rattle? 
Because the bubbles of steam as they rise force up the lid, just 

as the steam of a locomotive forces open its valves. When the lid 
rises, some of the steam rushes out ; this diminishes the pressure on 
the inside, and the lid falls again. This rising up and down makes 
a rattling noise P 

806. Why are safety valves attached to steam-engines ? 
For the purpose of letting off the steam, before it presses with 

sufficient force to burst the boiler. The valve is made to open by 
the force of the steam, at a less pressure than that which would 
rend the metal of the boiler. Therefore when the valve opens, the 
pressure of the steam is kept down. 

807. Why do boilers sometimes burst ? 

Because sometimes there happens to be a bad place in the metal 
which will not bear so much pressure as the valve. The boiler 
therefore gives way in the weak part, and steam rushes out with 
mighty force. 

808. Sow much more space does steam occupy than 
water ? 

A pint of water, converted into steam, occupies as much space as 
seventeen hundred pints of water. It is in seeking to expand to 
this greatly increased space that steam displays such mighty force. 

809. In other cases the boilers are carelessly allowed to get empty, 
and the fire makes them very hot. Then, when cold water is sud- 
denly let into them, a great deal of steam is instantly generated. 
And the sudden addition of this force of steam, being greater than 
the valve can keep in check, rends the metal. 

The boilers in kitchen ranges are frequently cracked by the same 
cause. 
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" The father of the righteous shall greatly rejoice ; and he that begetteth a wise 
child shall have joy of him."— Peo verbs xxiii. 

CHAPTER XXXVIII. 

810. Why does a humming-top make a humming noise ? 
Because the hollow wood of the top vibrates, and the edges of the 

hole in its sides strike against the air as it spins ; the air is 
thereby set in vibration. 

811. Why does a peg-top hwm less than a humming* 
top? 

Because, being a solid body of wood, and having no hole in its 
sides, its particles are not so easily thrown into vibration; 
consequently it does not so readily impart vibrations to the air. 

812. Why does a peg-top sometimes hum, wad at other 
times not ? 

Because, if it is spun with great force, and its peg is struck 
sharply against the pavement, the wood is set in vibration, and 
the surface of the top, repelling the air by its rapid motion, causes 
vibratory waves. But if it be spun with insufficient force, the 
wood is not set in vibration. 




Pig. 23.— HUMMING-TOP BEFOEE Fig. 24.— HUMMING-TOP 

SPINNING. SPINNING. 

813. Why do we see the figures painted upon the humming- 
top, before it spins, but not while it is spinning ? 

Because the rapid whirling of the top brings the images of its 
different parts so quickly in succession upon the retina of the eye, 
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that they deface each other, and impart an impression of coloured 
rings, instead of definite objects. 

814. Why does a top stand went when it spins, but fall 
when it stops ? 

Because the top is under the iriflnence of, and is balanced 
between opposing forces. The rapid rotation of the top gives 
to all its particles a tendency to fiy. from the centre. If .the atoms 
of the wood were not held together by the attraction of cohesion, 
they would fly away in a circle outward from the top, just as drops 
of water fly off from a mop, while it is being twirled. If you 
take a spoonful of sand, salt, or dust, and drop it upon the top, it 
will be scattered in a circle, just as the atoms of the top would be, 
if they were free to. separate, hut not with the same force, because 
the atoms of the salt, &c., not being in an active state of rotation, 
would only be influenced by momentary contact with the rotating 
body. This tendency of the particles of a rotating bo4y to .fly 
outward from the centre, is called the centrifugal force. 

Centrifugal.— From two Latin words meaning receding from the centre. 

The other force influencing the top is the -attraction »f gravita- 
tion: the attraction which, were the top not spinning, would draw it 
towards the-aarth. The " spill " projecting from the bottom of the 
top stands in the line in which the top is drawn towards the earth 
and keeps it from obeying the law of gravitation. Therefore the 
rotatory .'motion given to the top, by the sapid unwinding of the 
string,:and the tendency of its atoms to fly outward, balance the top 
uponthe'line in which it is drawn to the earth, and which is occupied 
by thenqnll, which prevents it falling to the ground. 

815. Why does a top first reel amimd upon the spill, then 
become upright, and "sleep" and then reel 
again, and fall t 

Because, in being thrown from the hand, the 
top is delivered a little out of the perpendicular, 
but the spill is rounded off at the point, .and 
when the top is rotating rapidly, the gravita- 
tive force which attracts the top to the ground 
continually acting upon it, draws the weight 
*fe. jfc-psa-TOF " anuse." 
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" Even a child is kuown by his doings, whether his work be pure, and whether, 
it be right."— Peoveebs xx. 



of the top on to the extreme centre of the round point. When 
the rotation subsides, and the centrifugal force is weakened, 
then the top is no longer balanced upon the extreme point of 
the spill, bat falls upon it sides, until the force of gravita- 
tion is exerted beyond the line of the spill, upon the body of the 
top, and then it falls to the ground. 

816. Why does a top " sleep f" 

Because at that period of its spinning, which is called " sleeping/' 
the centrifugal and the* gravitative forces acting upon the top, are 
nearly balanced; and the top, obeying chiefly the rotatory force* 
appears to be in a state of comparative rest. 

817. Why does the* top. cease to spin ? 

Because the friction of the aw against its sides r 2&& tha frieHon 
of the spill against the ground, act in opposition to the- rotatory 
force, which is a temporary impulse applied by external means — the 
hand ofrthe- person who spins it — and as soon as this- applied force 
is expended, the top yields to the law of gravitation, which is a 
permanent and, ever -prevailing force. 

818. Why does a marble revolve, as it is propelled along 
the ground? 

Because, in propelling the marble, the thumb impels the upper 
surface forward, and the finger draws the under surface back- 
ward. This gives a tendency to the upper and lower hemispheres 
of the marble to separate, which they would do, but for the 
cohesion of the atoms of the marble. The upper part of the marble, 
therefore, rolls forward, drawing after it the under part, which 
acquires a forward motion by the force with which it is drawn 
upward, and in this way the opposite portions of the marble act 
upon each other in the successive revolutions. 

When the marble strikes upon the earth, a new inAn^ iy^ i& s 
exerted upon it, which is the friction of the earth upon the surface 
that comes in contact with it ; but the upper part of the marble, 
being free, overcomes the friction acting upon the lower part, and* 
tfyasw the., marble continues ta progress, until the, applied .force 
which projected it is expended. 
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" Better is a poor and a wise child, than an old and foolish king who will no 
more be admonished."— Ecclesiastes iy. 

819. Why does a striped marble appear to have a greater 
number of stripes when rolling, than when at rest ? 

Because the stripes are presented in rapid succession to the 
eye ; and as the eye receives fresh impressions of stripes before 
the previous impressions have passed away, the stripes appear 
multiplied. 



Fig. 26.— MABBLB AT BEST Pig. 27.— MABBLE BOLLHTO. 

820. Why does a marble rebound when dropped upon the 
pavement ? 

Because the force of its fall to the earth compresses the atoms of 
which the marble is composed ; and the atoms then exert the force 
of elasticity to restore themselves to their former condition ; and 
by the exercise of this force the marble is repelled, or thrown 
upward from the pavement. Although a marble may be made of 
very hard stone, yet that stone may be elastic, and possess, though 
in a much less degree, the same kind of elasticity which causes 
the India-rubber ball to rebound from the earth. 

821. Why does a marble, assuming it to be impelled with 
equal force, roll further on ice than on pavement, and further 
on pavement than on a pebble walk? 

Because the friction is greater upon pavement than upon ice, 
and greater upon a pebble walk than upon pavement. 

822. Sow many forces contribute to stay the progress of 
a rolling marble ? 
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The friction of the air, the friction of the earth, and the 
attraction of gravitation, which tends to bring all bodies to a 
stateofrest. 

823. Why do the stripes upon a marble disappear when it 
is spun with great velocity ? 

Because, as in the case of the 
humming-top, the different parts 
of the surface are brought so 
rapidly in succession to the 
sight, that they deface or con- 
fine the impressions upon the 
retina. 

824. Why are rings most 

perceptible at the opposite 
Fig. 88.— masble sranrnro bapidly. . , i j?*-l z? * 

points, or poles f of the marble ? 

Because the point, or pole, upon which the marble spins, and 
that which corresponds to it, on the upper surface, travel less 
rapidly than the central portions, which being of a larger 
circumference, pass through a greater amount of space, in the same 
period of time. The stripes at the poles of the marble, are, therefore 
visible, while those at its equator are imperceptible. (See 522.) 



CHAPTER XXXIX. 

825. Why are soap-bubbles round? 

Because they are equally pressed upon all parts of their surface 
by the atmosphere. 

826. Why are bubbles elongated when being blown ? 
Because the unequal pressure of the current of breath by which 

they are being filled, alters the relative pressure upon the outer 
surfaces. 

827. Why does the bubble close, and become a perfect 
sphere, when shaken from the pipe? 
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Because the attraction of cohesion draws the particles of aoap 
together, <fireotly the bobble is set free from the bowl. 



£2\ Q 



Fig. 29.— BLOWING SOAP BUBBLES. 

$28. JFfy <&> bubbles, bloum in the sunshine, change {heir 
odours? 

Because the films of the bubbles constantly change in thickness, 
through the atoeae from the upper part descending towards the 
bottom, and therefore the Yarying thiekness of film, reftrmets, im 
different degrees, the rays of light. 

829. Why do bubbles burst ? 

Because the atoms that compose their films fall towards the 
earth by gravitation; the upper portion of the bubbles then 
becomes very thin, and as the denser air of the atmosphere presses 
towards the warm breath within tihe bubble, it hirsts the film. 
See 286. 237, etc^m+etc. 

880. Why do balloons ascend in air? 

Because the air or gas which they contain is specifically lighter 
than the atmosphere; the atmosphere, therefore, forces itself 
underneath the balloon, by its own tendency towards the earth, 
and the balloon is thereby raised upwards. A balloon is but a 
larger hind of bubble, made of stronger materials. 

83JL Why does an air-balloon become inflated when the 
spirit set upon the sponge is lit? 
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" A wise ton hearetn lite nrthofs instruction.*— P*oyebbb xjtt. 
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Because the tari of the fame, 
and the burning qf the spirit* A, 
create a volume of rarefied, or ££*» 
atr, which inflates the balloon, and 
makes it specifically liej&ter than 
the surrounding medium. 

832. Why do baOoens some- 
times bwrst whcnx they ascend 
very high ? 

Because, as they get into the 
thinner air, which, exists at high 
altitudes, the gas within them ex- 
pands, and the coating of the balloon 
is burst asunder. 

Pig.30.~AIE.BAIXOON. g 33 jy^y ^ fa ^ Q y 

balloons expand in thin air t 

Because the air exerts a less amount of pressure upon the air or 
gas contained in the balloons. 

834. Why do parachutes fall very gradually to the 
ground? 

Because the air, coming n eon- 
tact with the under surface of the 
expanded head of the parachute 
resists its downward progress. 

835. Why does a shuttlecock 
travel slowly through the air I 

Because the air acts upon the 
feathers of the shuttlecock, in the 
same manner as it does upon the 
parachute — it strikes agafcst their 
expanded surface, and resists tiieir 
progress through the air. 




Pig. 81.— PAPHB PABAOHUTB. 

eock spin in the air ? 



836. Why does ike shuttle* 
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" Come ye children, hearken unto me, I will teach you the fear of the Lord.'*— 

PflAJLM XXXV. 



Because the surfaces of the feathers fall upon the air obliquely, or 
slantingly, and therefore, as the shuttlecock descends, it turns in 
the air. 



Fig. 32.— BATTLEDORE AXD SHUTTLECOCK, 

837. Why do we hear a noise when we strike the shuttle- 
cock with the battledore ? 

Because the 'percussion of the shuttlecock upon the parchment of 
the battledore causes it to vibrate, and the vibrations are imparted to 
the air. 

838. Why is the sound a dull and short one ? 

Because the vibrations of the parchment are not very rapid, 
therefore there is little intensity in the vibrations of the air. 

839. Why does the exercise, afforded by playing battle- 
dore and shuttlecock, make us feel warm ? 

Because it makes us breathe more freely, and causes the blood to 
flow faster ; we, therefore, inhale more oxygen, which produces 
heat by combining with the carbon of our blood. 

840. Why does a kite rise in the air? 

A kite rises in the air by the force of the wind, which strikes 
obliquely upon its under surface. The string is attached to the 
" belly-band " in such a manner that it is nearer the top than the 
bottom of the band : this causes the bottom of the kite, when its 
surface is met by the wind, to recede in the direction of the wind ; 
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" Be ye therefore followers of God, as dear children ; and walk in love, as Christ 
also hath loved us."— Ephesianb v 

the top is accordingly thrown forward, and the kite is made to lie 
obliquely upon the current of air moving against it. The kite then 
being drawn by the string in one direction, and pressed by the 
air in another direction, moves in a line which describes a 
medium between the two forces acting upon it. 

841. Why does the kite-string feel hat when running 
through the hand? 



Pig. 83.— diagham BxpLAnmre the plight op a kits. 

Because the rapid friction sets free the latent heat of the 
string, attracts the heat of the hand to the spot where the 
friction occurs, and sets free the latent heat of the air, which 
follows the string through the hand, and is compressed by the 
friction. 

842. Why does rurmvng with the kite cause it to rise 
higher? 

Because it increases the force with which the wind strikes upon 
the surface of the kite. If a person were to run with a kite at the 
rate of five miles an hour, through a still air, the effect would be 
equal to a wind flying at the rate of five miles an hour against 
kite held by a stationary string. 

843. Why does the flyvng-top rise in the air ? 

Because its wings meet the air obliquely, just as the surface of 
the kite does. And the twirling of the top, causing the oblique 
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surfaces of its wings to strike the sir, produces the equivalent 
effect of a wind from the earth Hewing tie top vpaoards. 

844. Why does theflying*top return to* the earth when vte 
rotations are expended t 

Because the reaction produced By its wings striking upon the 
sir, JB\msuflScierit to counteract the. attraction qf gravitation. 




Fig. S4r-*LXIVGHrORt Hg;.85<— HUL AMU FOB. 

845. Why does a pea, into which a pin has been stuck, 
dtmcs in suspension upon a jet of air blown through a pipe ? 

Because the jet of: air, being slightly compressed under the 
cenvex form of the pea, by the weight of the pin, forms a oeewam 
cup of air, in which the pea rests. 

In the case pat, itis supposed that the pin 1b passed through th* pea until its 
head conies in contact with it. The pin is dropped into the hole of the pipe, 
and the breath is then applied, the pipe being held upright. The pea wiHiise 
in the air, and be suspended upon the jet, while the point of the pin will rotate 
around the stem of the pipe. There are other methods of fixing the pin which 
alter the result, and require a different explanation to that gives above. 



LESSON XL. 

846* Why does a mouse, painted upon one side of a 
9ard\ and a trap upon the ether, represent to the eye a 
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"Houcmr thy father and thy mother * * That it nuy be well with thee, and 
thou mayest be long on the earth."— Bphesluts vt 

mow* *'» a trap token the card is rapidly twirled upon a 



Because the image of the mouse is brengbt to the retina of the 
eye before the image of the trap has passed away. Tke two 
impressions, therefore, unite upon Ha retina, and produce the 
image of a moase in a trap. 




Pig. 3*.— CAKD WITH Pig. 87.— KBTBB8B OP CABD 

MOUHE-TRAP. WITH MOTJBB. 

847. Why will a bow stretched out of its natural position, 
propel an arrow through the air ? 

Because its substance, being highly elastic, the particles thereof 
seek to restore themselves to their former state, as soon as the 
resisting power is withdrawn. The force derived from this elas- 
ticity, is comnramcated to the arrow by the string against which it 
is placed. 

848. Why is the arrow propelled forward l f 

Because the elasticity of the bow, acting equally upon its two 
ends, to which the string is fastened, produce a fine of foree in a 
diagonal direction. It thus illustrates the law, that when a body 
is acted upon by two forces at the seme time, *ehose directions are 
inclined to each other, it will not follow either of them, but will 
describe a line between the two. 

S49. What force* tend to arrest the flight of the arrow t 
The friction of the air, and the attraction qf gravitation. 
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"My nd, give, I pray thee, glory to the Lord God of Israel, and make confession 
unto him."— Joshua vn. 

860. Why are feathers usually fastened to the ends of 
arrows? 

Because the greater frietionrt air acting upon them, opposes the 
progress of that part of the arrow in a greater degree than it does 
the other portion. The effect is, to beep the point qf the arrow 
forward, and in a straight line with its opposite extremity. If the 
arrow were shot the reverse way from the bow, it would turn 
round, in the course of its flight, in consequence of the friction of 
the air, offering greater resistance to the progress of the feathered 
end. 




Pig. 88.— BOW AXP ASBOW. Fig. 88.— JEW'S HASP. 

851. Why does a Jew's harp give musical sounds ? 
Because the vibrations of the metal tongue are communicated to 

the ear. 

852. Why will not the Jew's harp produce loud sounds 
unless it is applied to the mouth t 

Because the vibrations are not very intense, but when it is blown 
upon by the breath, the air is pressed upon it, and the vibrations 
are thereby rendered more powerful. 

858. Why does the alteration of the arrangement of the 
mouth 9 affect the formation qf the sounds T 

Because it sends the air to the tongue of the harp in a greater or 
lesser degree of compression. 
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" Hear, ye children, the instruction of a lather, and attend to know under- 
standing-"— Feovbeba it. 



854. Why does the pressure applied to the handle of an 
air pistol propel the cork? 

Because, between the cork a and the air-tight piston c, there is a 
closed chamber of air b. When the handle d, which moves the 
piston o, is rapidly pushed in, it compresses the air until it is so 
much condensed, that it forces out the cork a. 




Pig. 40.— AIR PISTOL, OB " POP-GUW. M 

855. Why must the handle be drawn out, before the cork 
is placed in? 

Because otherwise a partial vacuum would be formed between a 
and c, and there would not be sufficient air to force out the cork by 
the return of the piston c d. 

856. Why does water rise in a syringe when the handle is 
drawn out ? 

Because the pressure of the air on the water outside of the 
syringe, forces it into the space vacated by the drawing up of 
the handle, and where, otherwise, a vacuum would be formed. 



Fig4i.— sTRnr<jB, wrra jbt op watbb. 

857. Why does not the water run out when the syringe is 
raised ? 

Because the pressure of the air upon the small orifice resists the 
weight of the water. 

858. Why does the water leak out 9 but not run t 
Because water has a tendency always to move to the lowest point, 
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" Remember now thy creator in the days, of thy youth."— Ecclesiabtbs xr. 
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b«t as the air does no* eater finely the water cannot escape. It 
therefore drops, as small portions of the air enter. 

8S9j Why emswi fh* handle be pressed **v if the finger is 
applied to ifoe orifice T 

Because water is not compressible, like air ; H must therefore 
escape before the handle can be pressed in. Air may be forced into 
a much smaller compass than is natural to it ; but it is impossible to 
compress water in any great degree. 



Fiff. 48.— " SUCKEB." Pig. 43— HOOP. 

860. Why does a " sucker" raise a stone ? 

Because underneath the sucker a vmcuwn is formed and the 
external air, pressing on all side* against the vacuum, lifts the 
- stone. The term " sucker " is founded upon the mistaken notion 
that the leather "sucks," or "draws" the stone. That such is 
not the case is evident : if, when the stone iff suspended, a pin's 
point be passed under the leather, ss> as to open a small passage 
for the air, the stone will drop instantly. 

861. Why does a hoop roll, without falling to the ground ? 

Because the centrifugal fores' gives it a motion which is called the 
tangent to a circle — that is, a tendency in all its parts to fly offim a 
straight lime. When a piece of elay adhering to the hoop flies off, 
itV leaves, the hoop in a line which is straight with the part of 
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the surface from which it was propelled ; this line is the tangent to 
the circle of the hoop ; and the tendency of all the parts of the 
hoop to fly off in this manner, counteracts the attraction of the 
earth, so long as the hoop is kept in motion. 

862. Why does the hoop, in falling, make severed .side 
revolutions t 

Because its onward movement, not hemp quite expended, in- 
^aeaces ihe centre of gravity of the hoop, and changes its line of 
direction. The hoop is also elastic, and when its sides strike the 
earth, they spring np again, and continue turning until the 
opposing forces are overcome by the attraction of gravitation. 

863. Wag will a little hoy iahmce a large boy on a 
see-saw? 

Because the " s e e- s aw " may be placed so that its ends are at 
•mefwU distances from -the centre. This gives the little boy the 
power of leverage, by which, is meant the increase of power, or 
weight, by mechanical means. 




Pig. 44.— BOTB ATO " SHE-SAW." 

864. Why does ike little boy sink to the ground when the 
larger boy slighttykicks the earth ? 

Because the larger boy, lrjr kicking against the earth, opposes by 
mechanical mice, the attract*** of gravitation acting upon him, 
and he becomes temporarily less attracted to the earth than the 
little boy. 

866. Whyem4helMU.^.if.he cJwo^.Jceep theKgbog 
mp, when msceheismpj 
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"little children, let no man deceive you: he that doeth righteousness is 
righteous, even as he is righteous."— 1 Jomr in. 

Because, as the big boy is then on an inclined plane with the 
fulcrum, or centre upon which the see-saw moves, the arm of the 
lever, upon which the big boy sits, is relatively shortened, and he 
has then less mechanical power. Also, a portion of the weight of 
the larger boy is transmitted along the lever to the arm upon 
which the little boy sits. 

866. Why is the hall 
propelled upward, in the 
game of trap and ball, when 
the trigger is struck ? 

Because, when the trigger is 

struck at a, it is forced down 

wards, turning upon the fulcrum 

b, the opposite end, forming the 

spoon, is thereby forced up- 

P ig. 46.— trap ahd ball, wards, describing a small arc, or 

curved line ; but directly the ball is set free from the spoon, it rises 

in a right line with the direction it was taking, at the moment it 

was set free. 





\A. 



Tig. 46.— BAT AMD BALL. , 

867. What principles of natural philosophy are illustrated 
by the results of bat and ball ? 

Percussion, when the bat strikes the ball ; rotatory motion, when 
the ball is sent whirling away ; momentum, which it acquires by 
velocity ; elasticity, when it rebounds from an object against which 
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"A wise son makes a glad father: but a foolish son is the heaviness of his 
mother."— Pbotebbs z. 

it strikes; reflected motion, when it is turned by a body upon 
which it impinges ; friction, as it rolls along the ground ; the 
communication of force, when it sets another body in motion against 
which it strikes ; gravitation, when it falls to the earth ; and inertia, 
when it lies in a state of rest. 

868. Why do pith-tumblers always pitch upon one end? 

Because the lead B is specifically heavier than 
the pith to which it is attached; it therefore 
always mils undermost ; and as the lead is rounded 
off, just like the spill of a top, after the head has 
oscillated a little, and expended the force of the 
momentum of its mil, it will settle upon its centre 
of gravity, or the point through which it is 
attracted to the earth. 

869. Why do the figures upon the " Thau- 
matrope" appear to dance, when they are 
made to revolve before a mirror ? 
Because the eye, in looking through the holes in 
Fig. 47. the card, towards the reflections in the mirror, 

pith-tumbles. j&xfojQi a rapid succession of impressions. 
As the figures upon the card are represented in a graduated 
series of positions — the first one standing upright, the second with 
his knees a little bent, the third a little more bent, as in # the act of 
springing, and so on, the figure being in each case the same, but 
the position slightly altered, imparts an impression to the mind, 
through the eye, that one figure is passing through a series of 
motions. 

Thaumatrope.—From two Greek words, meaning wonder and to turn. 

We have said enough, we hope, to show that even the play-hours of children 
may be made instructive to them ; and that the simplest toys may be used to 
illustrate some of the grandest laws of nature. Nor may this kind of instruction 
be confined to children alone. Grown-up people, whether participators in the 
sports of youth, or simple observers of their games, may gain instruction for 
themselves, and be the better teachers of their children, by taking an interest 
in their enjoyments, and giving to their minds, through the attractiveness of 
pastime, a taste for observing and estimating the varied phenomena which 
present themselves. 

Moreover, we think that parental government acquires a greater power when 
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" Jesus said, Suffer little children, and forbid them not, to come unto me; for 
of such is the kingdom of heaven."— Matthew xiz. 

Hi leans -towards the natural desires of ehfldhood, and wins those desires into 
a proper direction. Love existing between parent and child is the best sis 
to home, and the strongest incentive to duly. There is also something in the 
gentleness of childish nature which may influence for good the sterner mould 
af man, too often warned and clouded by the cares of Hfe. 




** 
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In Kay's " Life of Sir John Malcolm," we find an admirable and apt j _ 
Sir John says .— * I have been employed these last few hours with John Elliot, 
and other boys, in trying how long we could keep up two cricket-balls. Lord 
Minto caught us. He says he must send me on a commission to soon vary 
young monarch, for that I shall never have the gravity of an ambassador for a 
prince turned of twelve. He, however, added the weB-taown and admftable 
story of Henry IV. of Franoe, who, when caught on all fours carrying one of his 
elnraren. by the Spanish envoy, looked up and said, 'is yoax excellency 
married r *I am, and have a marisy ' was the reply. 'Well, then,' said the 
monarch, 'I am satisfied, and shall take another turn round the room,' and off 
he 'galloped, with his son on his back flogging and spurring him. I have 
sometimes thought of breaking myself of whin are termed boyish habits; but 
reflection has satisfied me that it would he vary foolish, and that I should 
esteem it a blessing that I can find amusement in everything; from tossing a 
erioket-haU, to negotiating a treaty with the Emperor of China. Men whowfll 
give themselves entirely to business, and despise (which is the term) trifles, 
very able, in their general conception of the great outlines of a plan, but t 
feel a want of knowledge, which is only to be gained by mixing with all cla 
in the world, when they coma to those leaser points upon which its successful 
execution may depend* 
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" Whether therefore y© eat, or drink, or whatsoever j« dft, do aH to thegktyof 
God."— CoBnrra. z. 



CHAPTER XLL 

*86& Why. do meat food? 

Because the atoms of which our bodies are composed are com~ 
UnuaUy changing. Those atoms thai have fulfilled the purpose* 
of nature are remold from the system, and, therefore, new matte 
must be introduced to supply their place. 

870. Why do we eat animal and vegetable food \? 
Because their substances are composed of oxygen, hydrogen, 

carbon, and nitrogen — the four chemical elements of which the 
human system is formed. They are, therefore, capable of nourish- 
ing the body, after undergoing digestion. 

871. Why do we masticate owr foodT 

Because mastication is the first process towards the digestion 
of food* Before animal or vegetable substances can nourish us, 
their condition must be entirely changed* their organic states must 
be dissolved, and they must become simple matter, in a homoge- 
neous mass, consisting: of the lour chemical elements necessary to 
nutrition, and they must again be restored to an organic condition. 

872. Why does saliva enter the mouth when we are 
eating ? 

Because, in addition to the mec hcmicai grinding of the feed by 
the action of the teeth, it is necessary that it should undergo certain, 
chemical modifications to adapt it to our use. There are placed; 
therefore, in various parts of the body, gkm&s> which secrete? 
peculiar fluids, that have a chemical influence upon the food. 

The first of these glands are the salivary gland* of the me*0t< r 
which pour out a clear watery fluid upon the food we eat, and which, 
fluid has been found to possess a property which contributes fo the- 
digestion of food. 

The moisture afforded by the salivary secretion is also necessary 
to enable us to swallow the food. 

873. Why does ike tcdimry jimce enter the mouth just**, 
the moment that we are eating ? 
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M And the Lord mid onto him, Who hath made man's mouth ? or who maketh 
the dumb, or the seeing, or the blind ? have not I the Lord P— Exodus iv. 



Because the glands, which are buried in the* muscles of the 
month, and which in their form are much like bunches of currants, 
are always full of salivary secretion. There are nerves which are 
distributed from the brain to these glands, and when other nerves 
which belong to the senses of taste, of sight, or of feeling, are 
excited by the presence of food, a stimulus is imparted to the 
salivary glands, through the nerves that surround them, their cells 
collapse, and the juice which they contain is poured out through 
their stems, or ducts, into the mouth. 

874. Sow do we know that impressions imparted to one 
set of nerves, may he imparted to another set, so as to put any 
particular organ in action. 

Because very frequently the mere sight of rich fruit, or acid sub- 
stances, will cause the saliva to flow freely. In this case it is 
evident that the salivary glands could not see or know that such 
substances were present. An impression must, therefore, be made 
upon the brain, through the organ of vision, and the desire to 
taste the substances being awakened, a nervous stimulus is 
imparted to the glands of the mouth, and they at once commence 
their action, as if food were present. 

875. Why does food descend into the stomach t 

Because, after the teeth, the tongue, and the muscles of the 
mouth generally, have rolled the food into a soft bolus, it is con- 
veyed to the back of the mouth, where it is set upon the opening of 
the throat (oesophagus). It does not then descend through the 
throat by its own gravity, because the throat is generally in a com- 
pressed or collapsed state, like an empty tube ; and we know that 
persons can eat or drink when with their heads downwards. The 
oesophagus is formed of a number of muscular threads, or rings, 
and each little thread is like a hand ready to grasp at the morsel 
that is coming. As soon as the bolus is presented at the top of the 
throat, these little muscular hands lay hold of it, and transmit it 
downward, passing it from one to another, until it is conveyed 
through the long passage, to the door of the stomach, which it 
enters. 
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"Remove far from me poverty and lies; give me neither poverty nor riches; 
feed me with food convenient for me."— -Pbovebbs xxx. 



Pig. 49— SECTION OF THE STOMACH, &C. 

A. The inner coat of the stomach. (The stomach is here represented cut 
through its length, so that we can see its inside.) 

B. The lower extremity of the throat, or asophagus, through which food 
enters the stomach. 

C. The passage out of the stomach, called the pylorus, where a muscular con- 
traction prevents the escape of undigested food. 

D. The duodenum, and the ducts through which the bile and pancreatic 
juices euter and mingle with our food. 

876. Why do we not feel the food being transmitted 
through the throat ? 

Because the nerves of the body differ in their powers : some are 
nerves of feeling, some of motion, and others are nerves of the 
senses. The nerves of feeling are most abundantly distributed to 
those parts where feeling is most useful and necessary to us. But 
the faculty of feeling our food undergoing digestion would be no 
service to us whatever ; therefore the nerves of motion are plen- 
tifully distributed to the throat and stomach, but very few of the 
nerves of feeling— t just as many as will tell us when we eat 
anything too hot, or too cold, or that the stomach is out of order. 

877. Why do we feel uneasy after eating to excess ? 

Because the stomach is distended, and presses upon the other 
organs by which it is surrounded. 

g2 
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"WfcosstisAeththy month with good things; so that thy youth is renewed 
like the eagles."— Psalm cm. 



878. Why do we feel drowsy after eating heartily ? 

Because, while the stomach is in action, a great proportion of 
the blood of the body is drawn towards it, and as the blood is 
withdrawn from the other parts of the body, they fall into a state of 
languor. 

870. Why does Hood flow more f-eely to the stomach 
during digestion t 

Because the energy of an organ is increased by the flow of blood, 
which supplies the material of which our organ are composed, 
and in which the vital essence, supporting life, resides. 

880. Why does excess in eating bring on indigestion ? 

Because the power of the stomach to digest food is governed by 
the amount of food required by the system. It seems to be an 
instinct of the stomach to hold back food which is in excess, and by 
indications of pain and disturbance to warn its master that excess 
has been committed. 

881. Why is food digested in the stomach ? 

Because it enters the stomach in the form of a paste, produced 
bgr the action of the mouth ; and directly food eaters, the gastric 
juice, which is formed by glands embedded in the coats of the 
stomach, trickles down its sides. This is a more powerful solvent 
than the salivary juice — it is like the same kind of fluid, only much 
stronger, and it soon turns the food from a rough and crude paste 
into a greyish cream (chyme). The heat of the stomach assists 
the operation, and the muscular threads of the coats move the 
cream along, in the same manner that the muscles of tie oesophagus 
brought down the food. 

The cream is passed towards the door which leads outward from 
the stomach (pylorus) ; but if, in the midst of the mam, there are 
any undissolved particles of food, it closes upon them, and they 
return again to the stomach to be further change*! 

882. Why does indigestion bring on biLur^ attache? 
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" When thou hast eaten and art full, then thou shaft blew the Lord thy God 
for the good land which he hath gheii thee."— Dbxtt. tiii. 

Because the Wwr secretes a fluid to assist in the digestion of 
food. The liver is a gland— a similar organ to the glands of the 
month — and it forms bile in the same manner that they form the 
salivary juice. Only the liver is a much larger gland, and a much 
greater quantity of blood passes through it. The fiver pours its 
secretion into the biliary duct (Fig. 49) to mix with the grey cream 
as it passes onward, and to further dissolve It. Bat when the 
stomach is excited by feed which it cannot dissolve, and when the 
owner of the stomach, disregarding its reMonatranees, will persist 
in over-eating, or in eating things that disagree with the system, 
then the liver and ike etomach sympathise, and the muscular 
threads, or hands, that prevail all through the alimentary organs, 
instead of moving onward, move backward, and throw some bile 
into the stomach to assist to dissolve and remove the excessive or 
improper food. 



CHAPTER XLII. 

888. Why does some portion of the food ice eat nourish the 
system, while other portions are useless? 

Because most food contains some particles that are indigestible, or 
that, if digested, are innutritions, and not necessary for the system. 
The liver is the organ by whose secretion the useful is separated 
from the useless ; for when the bile enters through the duct (Fig. 
49) and mixes with the grey cream coming from the stomach, it 
remains no longer a grey cream, but turns into a mass coloured by 
bile, having upon its surface little globules of milk, small, but very 
white. Those minute globules of milk (chyle) are the nutritious 
particles derived from the food ; the other portion, coloured with 
bile, is the useless residue, or rather the bulk from which the 
nutrition has been extracted. 

884. Why does the milky, or nutritious matter, separate 
from the innutritions, upon admixture with bile ? 

Because the bile contains an oily matter which repels the watery 
milk of nutrition. 
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" God hath made of one blood all nations of men for to dwell on all the face of 
the earth."— Acts xvh. 

The pancreatic juice also enters through the same duct with the bile. But 
its precise use is not understood. It is a fluid much like the salivary secretion 
of the glands of the mouth. 

A B. Jugular veins which return 
blood from the head to the heart. 

G. The superior vena cava, or 
trunk vein, which pours the blood 
- returned from the upper part of the 
system into the heart. There is a 
similar large vessel which meets 
this one and brings back blood from 
the lower part of the body, and they 
both pour the blood into the right 
side of the heart. 

D B. The branches of the venous 
system which bring back the blood 
irom the arms. 

F F. The great aorta, the blood 
vessel which conveys arterial blood 
from the heart, and gives off 
branches that supply every part 
of the body. 

G. Another large vein which re- 
turns the blood from the muscles of 
the chest, Ac. 

H H. The thoracic duct, which re- 
ceives the newly dissolved food from 
the small absorbents, that collect 
it from the intestines. It conveys 
this nutrition (called chyle) upward 
along the back, until it reaches 
where the duct turns into the 
junction of two veins, and pours 
its contents into the veins bringing 
blood back to the heart. The nu- 
trition, therefore, is at this moment 
Fig. 60.— great vessels or the mixed with the venous blood, and 
ciboulatioe, and thb duct jg g^t to the lungs to be oxygen- 

WHICH CONVEYS KUTETTIVB 



MATTES TO THE BLOOD. 



ised. 



885. How is the nutrition taken away from the bilious 
residue ? 

The muscular threads (or hands, as we figuratively call them) 
continue to push forward the digested matter through a long tube, 
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" But now hath God set the members in the body, every one as it pleased him." 
1 Cojubthluts XII. 

called the alimentary canal, or bowels. This canal is some thirty 
feet in length, and is folded in various layers across the abdomen, and 
tied to the edge of a sort of apron, which is gathered np and fastened 
to the back-bone. All along this alimentary canal those muscular 
hands are pushing the digested mass along. But upon the coat or 
surface of the canal there are millions of little vessels called lacteal*, 
which look out for the minute globules of milk as they pass, and 
absorb them, which means that they pick them up, and carry them 
away. There is an immense number of these little vessels, all busily 
at work picking up food for the system. 

Then there is a large vessel, called the thoracic duct, which comes 
down and communicates with those little vessels (it is a sort of 
overseer, having a large number of workmen,) and collects the 
produce of their toil, and carries it upwards to the part where it 
passes^ow the organs of digestion into the vessels of circulation. 

886. What becomes of the nutrition, when it has entered 
the vessels of the circulation f 

It is sent through a large vein into the heart, entering that 
organ on the right side, from which the heart propels it into the 
lungs, mixed with venous blood; and the venous, or blue blood, is 
sent into the lungs, taking with it the milk, the formation of 
which we have traced. 

887. Why are the venous blood and the chyle sent to the 
lungs? 

Because the venous blood, in its circulation through the body, 
has parted with its oxygen, and taken up carbon, and it requires 
to get rid of the carbon, and take up more oxygen. The chyle, 
also, now combined with the blood, requires oxygen, and having 
obtained it, is converted into bright red blood, and the blue 
blood of the veins, having got rid of its carbon, which formed the 
carbonic acid of the breath, has again become bright red blood. We 
must therefore, in pursuing our description, cease to speak of blue, 
or venous blood, and of white milk, or chyle, for the two have now 
combined, and, with the oxygen of the air, have formed arterial 
blood. 
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" My flesh and my heart iainteth; but God is the strength of my heart, and my 
portion for ever.*'— Pbjjk lxxiii. 

888. What becomes of the arterial Mood ihue formed? 

It is sent back from the lungs to the right side of the heart, 
from which it is sent into the great trunk of the aorta, and from 
thence it passes into smaller blood-Yessels, until it finds its waj to 
eoeryjpart of the system. 



A. The heart, 

BB. The lungs. 

0. The aorta, and on either side of the aorta the vessels which convey the 
▼eaoHfi blood to the lungs to be o*f*«ma«l,aiidiaMoorre«pondiiig vesselewMeh 
return it to the heart, after it has undergone that operation. (For aorta see 
Kg. 60.) 

D. The trachea, or large air passage, through which the air passes into the 
spongy texture of tho lungs, when we breathe. 

B B. Arteries and veins, being the trunks of the vessels that supply the 
head, Jkc 

889. Why does the chest expand when toe breathe? 

Because the lungs consist of millions of hollow tubes, and 
eelh, which, having been emptied by throwing off carbonic acid 
gas and nitrogen, become compressed, and the atmospheric air 
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'* AH the while my breath is in me, Mid the spirit of God isin my nostrils, My 
lips shall not speak wickedness, nor my tongue utter deceit."— Job xxvii. 



flowing into these millions of spaces, and filling the longs, just as 
water fills and swells a sponge, causes them to expand, and occupy 
greater room. 

890. Sow does the blood eammmdeabe with the air in tie 
lung*? 

Through the sides- of very minute vessels, of which, perhaps, a 
fine hair gives us the best conception. But these vessels are 
foiste d said wound round' each other in such a curious manner, 
that they form miltions of celts, and by being twisted and wound, 
a much greater surface of o>ir and blood are brought to act upon 
each other, than could otherwise be accomplished. 

891. Why does the blood which is thus formed^ impart 
vitality to the parts to which it is sent ? 

Because the blood is itself vitalised — is, in fact, alive, and 
capable of dinusing life and vitality to the organisation of which it 
forms apart. 

This is a very wonderful fact, but no less true than wonderful, 
that dead matter which, but a little while ago, was being ground by- 
tibe teeth, softened by the safiva, and solved by the gastric juice and 
bile,, has now acquired life. Nobody can tell the precise stage or 
moment when it began to live. But somewhere between the stomach 
and the lungs, melted by the gastric juice, softened by the secretion 
of the pancreas, separated by the bile of the liver, macerated by the 
muscular fibres of the bowels, taken up by the absorbents, warmed 
by the heat of the body, and aerated in the lungs, it has by one, or 
by all of these processes combined, been changed from the dead to 
fee Eving state, and now forms part of the vital fluid of the system. 



CHAPTER XLIII. 

892. Why do we know Hat the blood has become endowed 
with vital powers ? 

Because, in the course of its formation, it has not only undergone 
change of condition and colour ; but) if examined now by the micro- 
scope, it will be found to consist of millions of minute cells, or discs, 
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M But they that wait upon the Lord shall renew their strength; they shall 

mount up with wings as eagles ; they shall run and not be weary ; 

and they shall walk and not faint"— Isaiah xl. 

which float in a watery fluid. The paste produced by mastication con- 
sisted of a crude admixture of the atoms of food ; the cream (chyme) 
formed from this in the stomach, presents to the microscope a 
heterogeneous mass of matter, exhibiting no appearance whatever of 
a new organic arrangement ; the milk (chyle) which is formed in 
the intestines is found to contain a great number of very small 
molecules, which probably consist of some fatty matter; as the 
chyle progresses towards the thoracic duct (Fig. 60), it appears to 
contain more of these, and slight indications present themselves of 
the approach towards a new organic condition. 

But wherever totalisation begins, no human power can say 
with confidence. Tet there can be no doubt that the blood is both 
organised and vitalised, and that it consists of corpuscles, or little 
cells, enclosing matters essential to life. 

893. Why does the blood circulate ? 

Because all the bones, muscles, blood-vessels, nerves, glands, 
cartilages, Ac., of which the body is composed, are constantly under- 
going a change of substance. It is a condition of their life, health, 
and strength, that they shall be " renewed" and the blood is the great 
source of the materials by which the living temple is kept in repair. 

894. How is the body renewed by the blood ? 

Every drop of blood is made up of a large number of corpuscles, 
each of which contains some of the elements essential to the wants 
of the system. 

Let us, to simplify the subject, consider the blood vessels of the 
body to be so many canals, on the banks of which a number of 
inhabitants live, and require constant sustenance. The corpuscles 
of the blood are the boats which are laden with that sustenance, 
and when the heart beats, it is a signal for them to start on their 
journey. Away they go through the arch of the great aorta, and 
some of the earliest branches which it sends off convey blood to 
the arms. We will now for a moment dismiss the word artery, and 
keep up the figure of a system of canals, with a number of towns 
upon t^eir banks. 

Well, away go a fleet of boats through the aorta canal, until 
they reach a point which approaches Shoulder-town ; some of the 



Digitized by VjOOQ IC 



THE BHA80N WHY. 



185 



" Though hand join in hand, the wicked shall not be unpunished ; but the seed 
of the righteous shall be de ivered."— Proverbs xxi. 

boats pass into the axillary canal and Shoulder-town is supplied; 
the other boats proceed along the humeral canal until they ap- 
proach Elbow-town, when another division of the boats pass into 
other branch canals and supply the wants of the neighbourhood ; 
the others have passed into the ulnar canals and the radial canals 
until they have approached Wrist-town and Hand-town, which are 
respectively supplied ; and then the two canals have formed a junc- 
tion across the palm and supplied Palm-town, where they have 
given off branches and boats to supply the four Finger-towns, and 
Thumb-town. 

Between A and B the brachial 
I canal, which gives off branches to 

supply Elbow-town, Ac., and then 
divides into two main coursed, di- 
verging to the opposite sides of the 
arm, and sending a smaller canal 
down the centre. 

D D. The point where the ulnar 
canal and the radial canal, after 
having passed and supplied Wrist- 
town, form a junction, running 
through Palm-town, and in their 
course giving off branches to supply 
the four Finger-towns and Thumb- 
town. 

For further explanations of the 
engraving t see 57. 

895. Sow does the blood 
return to the lungs, after it 
has reached the extremities ? 

The veins constitute a sys- 
tem of vessels corresponding 
to the arteries. We may say 
that the arteries form the down 
canal, and the veins the v/p 
canal. The arteries, com- 
mencing in the great trunk oi 
the aorta, branch off into large 
and then into smaller tubes, 
until they form capillary or 
Pig. 58.— illustration op thb hair-like vessels, penetrating 

SYSTEM OP CANALS THAT SUPPLY nvorvwWft 

thb pobb-abm with blood. everywuere. 
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"Ai far nun his days aniigni8;u a flower of the field ao he nonriahcth."- 

Ifeiuccm. 



2%e capillary extremities of the arteries, unite with the capillary 
extremities of tfAeveins, and the Wood passes from the one set of 
vessels into the other. As the arteries become smaller from thus 
point where they receive the blood, so the veins grow* larger; the 
Tenons capillaries, poor their contents into small Teasels, and these 
again into larger ones, until the great venous tranhs are rcachee* 
and the blood is passed again into the heart as at Jfaest described. 
(Fig. sa) 

896. Why do we see blue marks upon our arms and 
hands? 

Because large veins lie underneath the skin,, through which the 
blood of the fingers and hand is conveyed bach to ihehmwrt 

897. Why are ihe veins more percepffle Ann the 
arteries? 

Because the arteries are Laried deeper in ihe flesh, for 
protection. It would be more dangerous to 2&e to eemer by 
accident an artery than a vein. A person might Used longer 
from a vein than from an artery, without endangering" life ; because 
the arteries supply the life sustaining blood. She Almighty, 
therefore, has buried the arteries for safety. 

898. Why when we prick the flesh wtitihsa nomJle does it 
bleed? 

Because the capillary arteries and veins are so .fine, and are so 
thickly distributed all over the body, that net even the point of a 
needle can enter the flesh without penetrating the easts of several 
of these small vessels. 

899. What oceurrs during the circulation of Ihe blood? 

Not only do the various parts to which the boats am sent take 
from them whatever they require, but the boats eoUset all those 
matters for which those parts have no further use. Use bones, 
the nerves, the muscles, Ac., all renew themselves as the 
boats pass along; and all give something to the boats to 
bring back. One of the chief exchanges is that of oxygen for 
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"IsiOTery mag ttot hat* braath prist the Lord. Pwtee 7© «» !***>"- 
Ybasm cl. 



wwfcm, by which a gentle A** is difiused througnout the sys- 
tem. Tt is for tods purpose that fresh air is so constantly 
necessary. 

But other exchanges take place. The blood, in addition to 
oxygen and carbon, contains hydrogen and nitrogen. But it contains 
its four elements in various forms of combination, producing the 
following materials for the use of ttoe body : of 1,000 parts of blood, 
about 779 are water; 141 are red globules ; 69 are albumens 3 are 
fibrin; 2 are fatty matter ; 6 are various salts. 

Albumen and fibrin are a kind of flesh imperfectly farmed, and 
probably are chiefly used in repairing the muscles. The red 
corpuscles contain die oxygen which goes to combine with the 
superabundant carbon, and develope heat; Hie fatty matters 
probably repair the fatty tissues, and glands that are of a fatty 
nature ; and the various salts contribute to the bones, and to the 
chemical properties of those secretions which are formed by the 
glands, &c., while the great proportion of water is employed in 
cleansing, softening, and cooling the whole, or the living edifice, 
and it is the medium through which all the nutrition of the body is 
distributed. 

900. Why do we fid the pulse heat T 

Because every time that the heart contracts it send a fresh supply 
of blood to the blood-vessels, and the motion thus imparted creates 
a general pulsation throughout the system : but it is more distinctly 
perceived at the pulse, because there a rather large artery lies near 
to the surface. 

901. What becomes of the matter collected by the blood m 
the course of its circulation ? 

We have already explained that carbon is thrown off 'from the 
lungs in the form of carbonic acid gas. But there are many other 
matters- to be separated from the venous blood, and its putrification 
is assisted by the action of the liver, which is supplied with a large * 
vein, called the portal vein, which conveys into the substance of the 
liver, a large proportion of the venous blood, from which that organ 
draws off those matters which form the bile, and other matters 
which are transmitted with the bile to the bowels. The liver and 
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"Thy hand* have made me and fashioned me: give me understanding, that I 
may learn thy commandments."— Psalm cxix. 



the lungs, therefore, are the great purifiers of the venous blood. 
But there are also smaller organs that assist in the same work. 



Fig. 53.— SHOWING THE DISTRIBUTION OF BLOOD THROUGH BRANCHES OP 
THB AOBTA. 

A. The aorta. 

B. Branches given off for the aorta to supply one portion of the intestines. 

C. Branches given off by the aorta to supply other portions of the intestines. 
A complete communication may be traced between these vessels from the origin 
of one to that of the other. 

D. The pancreas, or sweetbread, a large gland that forms the pancreatic juice, 
which it pours in through the duct. See Fig. 60. 

B B B. The large intestines, forming the termination of the alimentary canal* 



CHAPTEE XLIY. 

902. Why when we cut our flesh does it heal t 
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"And God said, Let us make man in our own image, after our likeness ; and let 
them have dominion over the fish of the sea, and over the fowl of the air, and 
over tho cattle, and over all the earth, and over every creeping thing."— Gmr. i. 

Because the blood coagulates over the cut, and throws out a kind 
of lymph, which forms an incipient flesh, and excludes the air while 
the blood-vessels are engaged in repairing the part. 

903. Why, since all the substance of the body undergoes 
change, do we preserve the same features throughout our 
lives? 

Because our substance changes in the minutest atoms ; and each 
separate atom has a life of itself, the maintenance of which pre- 
serves the unity and permanence of the whole. 

904. Why do moles upon the shin continue permanent, 
while bruises and wounds disappear ? 

Because moles are themselves organised formations, and repair 
themselves just as any other part of the body does. But bruises 
and wounds are the result of accidental disturbances, which in course 
of time become removed. 

905. Why do the marks of deep cuts sometimes remain ? 
If the cut is so deep and serious as to destroy the system of 

vessels which supply and repair the part, then it is evident that they 
cannot work so perfectly as when in their sound condition. Their 
functions are, therefore, interfered with, and instead of having 
flesh uniform with the other parts of the system, there results a 
scar, or a wound imperfectly repaired. 

906. Why when we hold our hands against a candle- 
light do we perceive a beautiful crimson colour ? 

Because the fluids and vessels of the body are in some degree 
transparent, and the thin textures of the sides of the fingers allows 
the light to pass, and shows the beautiful crimson colour of the 
blood. 

If the web of a frog's foot be brought in the field of a good microscope, and 
set against a strong light, the blood may be seen in circulation, with the most 
wonderful effect. Each vessel, and every globule of blood, can be seen most 
distinctly, and the junction of the arteries and veins can be clearly traced. The 
iittle boats of nutrition may be seen chasing each other in rapid succession, 
and when the animal exerts itself to escape, the flow of the blood increases ; and 
not unfrequently, under these circumstances of agitation, have we seen 
two or three blood discs struggling together to enter a vessel that was too 
small for them. Again and again they have endeavoured to find a passage, until 
one of them happening to slip forward, got away, followed by the others 1 
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307. JTAy does the fiesk underneath the nails look red? 
Becsnse the twmsparenfc texture of the na^ seethe 

colour of the txwcu&ir structure that ttes underneath the skin. 
FiMMAw.-Fofiof'^ela. Iaiiliaiiiataiioe,faRofea*i^ 

908. TFJiy have we nails at our fingers' ends ? 

Because they give firmness to the touch, and enable us to apply the 
extremities of the fingers to many useful purposes for which they 
would otherwise be unfitted. They enable us to presiihe tips of the 
Unaers, where the highest degree.of sensitiveness prevails, so as to 
bring the largest amount of nervous* pereepHon into, the sense of 
touch. 

909. Why do white spots occur upon the nails ? 
Because the vascular surface underneath is attached, to the horny 

texture of the nail; but by knocks and other causes, the nail some- 
times separates in small patches *rom the membrane below, and 
becomes org and opaque. 

910. Why is there a circular line of whitish colour at 
the root <tf &* nail? 

Because there the nail is newlg formed by the vascular substance 
out of which it grows, and has not yet assumed its proper horny 
and transparent nature. 

911. Why is the eye-ball white ? 

Because the blood-vessels that supply its surface are so very fine 
that they do not admit the red corpuscles of tiie blood. 

912. Why does the eye-ball sometimes become bloodshot t 
Because, under exciting causes of inflammation, the blood-vessels 

heeome distended, and the red corpuscles enter, producing a net- 
work of red blood-vessels across the white surface of the eye. 

913. Why are the lips red? 

Because the lips are formed of the mucous mem bra ne that? fines the 
body internally, and covers the surface of most of the internal parts. 
This membrane contains a great number of minute red vessels, 
which give softness and moisture to the surface. A very beautiful 
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"Hast thou not known, hat* thou not heard, that the overtaking God, the 

Lord, the Creator of the ends of the earth, fainteth not, neither to weary ? 

there fe no searching of his undewtauding "— Isixah xl. 



illustration of the softness, moisture, and delicate colour of the 
mucous membrane k afforded by turning up and cramming the 
under surface of the upper eye -lid. 

914. Why do delicate persons look pale and languid t 

Because, generally from the want of exercise and fresh air, their 
blood is deficient of the healthy proportion of red corpuscles. 

915. Why does exercise and fresh air impart to healthy 
persons a red and fresh appearance I 

Because the redness of the blood is due to the amount of o&ggm 
which it contains, and air and exercise oxggemse the Mood, and 
diffuse it throughout the system. 

916. Mow is the blood propelled through the arteries ? 

By the very powerful contraction (and alternate dilation) of the 
thick muscles of the heart, assisted also by the muscular cords of ike 
blood-vessels themselves, and in many instances by the compression of 
the muscles in which the arteries lie embedded. 

917. Why are the capillary arteries capable of receiving 
the great quantity of blood sent out through the larger 
vessels f 

Because the capillary vessels are to numerous, that though they 
are infinitely smaller, they are capable of receiving in their minute 
tubes the whole of the quantity of blood transmitted to them through 
the larger vessels. 

918. Why, when we sit with our legs crossed, do we see 
the foot that is raised move at regular intervals ? 

Because the pressure upon the muscles of the leg retards the 
progress of the blood until it forces itself through the compressed 
vessels, and thereby imparts a pulsation which moves the leg and 
foot. 

919. Why are capillary blood-vessels found in every part 
of the system? 

Because it is through these small vessels alone (bat the substances 
of the body are renewed and changed. Even the larger blood- 
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' All my bones shall say, Lord, who is like unto thee, which deliverest the poor 

from him that is too strong for him, yea, the poor and the needy 

from him that spoileth him ?"— Psalm xxxv. 



vessels do not sustain themselves upon the blood which they contain, 
but receive into their coats numerous capillary vessels by which 
they are nourished. 

920. Sow much blood does the hitman body contain ? 
From twenty-five to thirty-five pounds. (See 623.) 

921. Sow does the blood ascend in the veins, in opposition 
to gravitation ? 

In addition to the muscular coats of the veins, and the influence 
of muscular action upon them, there are in the veins numerous 
semi-circular valves, which are not found in the arteries. These 
valves extend from the sides of the veins in such a manner that they 
allow the free passage of the blood upwards, but a backward motion 
of the blood would expand the cup-like valves and stop the passage ; 
so that the blood can only move in one direction, and that towards 
the heart, 

922. Sow frequently does the total amount of blood circu- 
late through the system ? 

The blood circulates once through the body in about two minutes. 
If, therefore, we estimate the amount of blood at twenty-four pounds, 
it follows that no less than twelve pounds of blood pass through the 
heart every minute ; and it is estimated that if the blood moved with 
equal force in a straight line it would pass through one hundred and 
fifty feet in a i 



CHAPTER XLV. 

923. Sow many bones are there in the human body ? 
There are two hundred and forty-six t and they are apportioned 
to the various parts of the body in the following numbers : — 

Head 8 

Ears 6 

Face 14 

Teeth 32 

Back-bone and its base . . .26 
Chest, Ac 26 
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•Our bones are scattered at the grave's mouth, as when one cutteth and 
cleaveth wood upon the earth. — Psalm cxli. 



Anns and Hands 


. 64 


Legs and Feet 


. 62 


Small moveable bones 


. 8 


924. Of what substances are the bone* composed ? 


One hundred parts of bone consist of 




i Cartilage . . - . 


. 3217 parts 


Blood-vessels 


. . ri3 „ 


Carbonate of lime . 


. 1130 „ 


Phosphate of lime 


. 6104 „ 


Fluate of lime 


. 200 „ 


Phosphate of Magnesia 


. 116 „ 


Soda, chloride of sodium 


. 120 „ 



100*00 

925. What are the uses of the bones ? 

They protect soft and delicate organs ; they form a framework to 
which the organs are attached, and by which they are kept in their 
places; and they supply a mechanism, by which the motions of the 
body are produced, in combination with the muscles. 

926. Why is the brain placed within the skull ? 

Because that delicate and vital organ, being the centre and the 
root of the nervous system, requires a position of the greatest safety. 

927. Why are the bones that constitute the vertebra 
(back-bone) hollowed out y so as to form a continuous groove ? 

Because through that groove the spinal cord passes out from the 
brain. Being in the centre of that column of bones, the spinal cord 
receives from them a similar protection to that which the brain 
obtains from the skull. 

928. Why is the head set upon the neck ? 

Because in that position it obtains the freest motion, can turn in 
cmy direction, and is placed relatively to the other parts of the 
body, in that situation where it acquires the greatest possible 
advantage. 

929. Why are the eyes placed in the sockets of the skull ? 
Because the bones of the skull afford protection to the delicate; 

H 



Digitized by CjOOQ IC 



lftfc- • tbxi BEiseir wax. 



"ThiuMtfk the Lord God unto *he*e b©»M,<;Bah©ld I will cane bxaatkilawtfer 
into you$$ and ye shall liv*© . 



and complicated, structure, of the eyes** anaksapply points of 
attachment, and grooves, by which the mweUsfaM £Q*Ued to turn 
the eyes freely, and thereby extend^h^/iMt^'visUmi^ 
930. Why are tU borne of •tksskidLavcfoiil? : 
Because in that form they, acquire greater streugthy&n&hesse 
the utmost degree .of safety is combined with ertiemo. lightness of 
material. 



W& 54Mmfir-0!MTHE. BOOTJSOP'THH THOMlXVOB-CHBRF, SHOWHT^TIffi 
FBOTICVIfMT tAJPOHBBD TO •TBBliOKGMUU OF CIBCUIiATIOF AjmSESEIBAfe* 
TXOff* 

A. The sternum, or breast-bone. 

B B. The rid*, which rise a little from behind, and 'fall as they come for- 
ward, by which they acquire a greater flexibility. 

C C. The cartilaginous points of the short ribs, by which their expansive 
and compressive powers are much increased.!. 

P. K! Part of the vertebral column, or back-bone. - 

931.. Why., ame the hones of ike skull divided by sutures,- 
(teams), with points which Jit into each other like smaVLUetiki* 
. Because,, by v that .arrangement, concussions of the simil, whieh 
might be fetal to the brain,, are deadened,' and' injuries from 
accident 'yreatf^ mvdifted,'' 
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"And I will, lay the *tawwa>*pon.y*u,..aBd<wil*" bi*agMi^4bali*ap<»! poo* .and 

cover you with akinfmxjrpnt-br—th io you, and ytfchalLMva j»add jr» shall know 

that I am the Lord."— Ezekiel xxxvh. 



932. Why are the heart, lungs, fife, placed within the bhest ? 
Because the functions of those organs require considerable 

-space, while. their importance an . the s system of fife, 'rentes it 
■«omnftin1 that .they ahankl he isemweiy \pixttected ;fram *.the 
probabilities of accident. 

933. Why are the heart and lungs enclosed for protection 
in a series of ribs, and not in a close case, like the brain ? 

Because, by the inflation and contraction of the lungs, their 
^oapavtiyis eensiantly changing. When man takes a "moderate 
inspiration, he ' inhales about -thirty etibic • inches of air, • arid ' the 
lungs • increase m • size -oneteighteenth of their tbhUe capacity. 
Consequently ;<were they enclosed in a frame of fixed dimensions yit 
<muBt needs be,' to that extent at 2 least,' larger than is necessary, 
^rhenthe'frameismadeto^ateand contract with the capacity ^f 



"Bo perfect is" the' Aimjghty contrivance, that not only are the fibs 
-nnide to protect the lungs,' but; by* their elasticity, and the contrac- 
tions and dilations-Sf the muscles which lie between them, they assist 
the lungs in their labours, and work with them in perfect harmony. 

934. Why are the bones of the arms, 
legs, 8[c., made hollow ? 

Because lightness is thereby combined with 
.strength. JThere is a, provision by which, in 
the extremities of bones, where an enlarged 
surface is required, lightness is still com- 
bined with the necessary 'degree 6f strength. 

The bones are made up of a cellular forma- 
tion; arid this generally occurs in 1 parts 
which are much called' into action, in* the 
various movements, of the'* body. 

A. Lower part of the bone of the thigh. 

_. B. Head of the bone of the leg. 

^BE^^ra^wrlS .€.»eJ«n^.ah«wl nff .ite^la4k>il4otliec*her 

otcb^ui^S^ bones, and the manner in which it is enclosed by the 

•tpbb •! jb omb, by tendon* seen at Fig. 68. 

v w MICH LWHtmss jam p A pad of ftt, lessening tne'fritftiondfth^ tones, 

SSSn?* AM ° B " andmodifying the shocks prodwnd^Jnniplng^bc. 
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" Again he said unto me, Prophesy upon these bones, and say unto them, O ye 
dry bones, hear the word of the Lord."— Ezbktbl xzxvn. 



935. Why are the bones of the arms and legs formed m 
long shafts f 

Because a considerable leverage is gained, by which the advan- 
tages of quickness of motion, and increase qf mechanical power, 
are secured. 

936. Why are the bones of the hands and feet numerous 
and small f 

Because the motions of the hands and feet are very varied and 
complicated. There are no less than twenty-eight bones in one 
hand and wrist; and about as many in a foot and ankle. To 
these are fastened a great number of ligaments and muscles, by 
which their varied compound movements are controlled. But for 
the complexity of the mechanism of our hands and feet, our motions 
would be extremely awkward, and many of the valuable mechanical 
inventions which now benefit [mankind, could never have been 
introduced. The bones of the hands and feet are in number equal 
to one-half of the whole of the bones cf the body. 



CHAPTER ZLYI. 

937. What are ligaments t 

Ligaments consist of bands and cords of a tough, fibrous, and 
'smooth substance, by which the bones are bound together and held 
in their places, allowing them freedom to move, and supplying 
smooth surfaces over which they glide. 

938. Why are the joints bound with ligaments t 

Because the bones would otherwise be constantly liable to slip 
from their places. 
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"That which is born of the flesh is flesh; and that which is born of the Spirit 
is spirit."— Jobe in. 

939. What are tendons? 

Tendons are long cords, of a substance similar in its nature to 
cartilage, by which the muscles are attached to the bones. 



Pig. M.— bhowteg a ball aed socket joiet, and the haeeeb nr which 

LI0AMBETS ABB EMPLOYED TO HOLD BOEBS IE THBJB POSITIONS. 

A. The ball, or head of the thigh bone. 

B. The socket, showing the ligament in the socket, which holds the head of 
the bone in its place, but allows it free motion. 

C. Ligaments tied from bone to bone, giving firmness to the parts. 

940. Why are tendons used to attach the muscles to the 
tones? 

Because, by this arrangement, the large muscles by which the 
extremities are moved, may be 'placed at some distance from the 
bones upon which they act, and thus the extremities, instead of 
being large and clumsy, are small and neat. 

941. Sow many muscles are there in the human body ? 
There are about four hundred and forty-six muscles that 

have been dissected and described, and the actions of which are 
perfectly understood. But there is probably a much larger number 
of muscles, and of compound actions of muscles, than the skill of 
man has been able to recognise. 
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" Alt flesh is not the «am6 flesh: but there is oaa.kifcd toffee* of men* another 
flesh of beasts, another of flakes, and another of birds."— Corinthians xyi. 



-942. What is the comti- 
tuHentf a musbl&f 

Every muscle is made up of 
a number of parallel fleshy 

'fibres, or threads, which are 
bound together by a smooth 
and soft tissue, forming a 
sheath or case to the muscle, 

. and enabling* it to glide freely 
over .the surfaces upon which 

' { it moves. 

A. Lower extremity of the muscle 
whickriraws the fore-arm towards 
the-;ttpper-arm, bends the elbow, 
r liaises $h» hand to the head, and is 
powerfully exerted in pulling, lift- 
ing, Ac. 

0. A muscle which gives off four 
long tendons, which pass under the 
ligaments of the wrist, one to each 
fingor, and by which, .the . fingers are 
bent upon the,* palm, of the; iand, as 
in grasping, Ac. 

kF. ffrndticoti ausmsele which 
<^(kw»Ktkeh^ofcigetan(irtfc*thuinb 
' towards eack Other. 

flfoKfomratv may 1m seen enfold- 
the finger-joints, and also crossing 
« , gy. _ r nmrBTBA-Tloir or the the wrist, underneath the tendons. 

•KBLATlOV-fyt'WUBCJMB, RND09S, 
tXVDMQWMa. 

rihe muaaks are compressed into tendinous cords at their end^, 
by which they are united to * the bones. 

Ithey. are arranged in pairs, having reciprocal actions — each 
x muscle having. a cornpanion muscle by -whtoh" the" part • which it 
. jnovesis restored to its original position; -wherf the hfflaenee of the 
JSrst muscle is .withdrawn, arid the sthimlus^iven ta^Ming^baek she 
>4*rt. 

943. Why can we raise our 'fingers? 

Because muscles which lie on the fore-arm, and "hare their 
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" Thou Just clothed me with akin and flesh, and &u& fenced me wtth.baiKftA&d> 
sinewi.*'— Jobju., , 



tendom fastened at the ends of the. fingers, contract, and by 
becoming,, shorter,. ,dram> the finger* , upward** and i tiimmwln the 



944v. Wihycan.*oe £&rav bmfo the fingertoq$frrtMkp have 
been round? 

Because the muscles at the backo£ the arm, &k&mtf&dons are 
attached to . the .bach- of, the Jmgfrs r /Mntrtu^aak^rmMre them 
to their former position,! 

946. What degree of, strength do the mmmUnppmum? 

The degree of strength of a muscle depemini tupjmitlAehealthi/ 
condition of the muscle? thevafMNutf of^timuldrwMMiiti receives at 
the time of. exertion, and.'the.manner:in whiAkitifrgpwmrs are 
applied. 

The great musete of the calf oft the leg has beenitfdhnd, when 
removed from a. dead body, to be capable of sustdhuig; & weight 
equal to seven times. the weight <of;tha. entire body ' 

But the contractile power of the living muscle&.&s very i great : 
the thigh-bone has frequently been broken by muscular contractions 
in fits of epilepsy. And in.easea where there has been a idM«feation 
of the thigh, the head of the thigh-bone being throwzrxmfeof its 
socket, (Fig.- 66) it Jias been* found; necessary to * empWfcrjstrong 
ropes, attached-*to -a wheel turned -b^naeveral handsV ihetorier to 
overeoimthe centoaeUan of, the^xvited muscles, and&dr enable the 
operator to restore th4 'bone to'itepiaom- 

946* W, hat is a the . stvmmhiz, which sets^ithe^ mmcles in 
action*?. 

The muscles are excited to aefciojfe.hy the *nemm, vwfeiah they 
receive from the spinal cord, 

947/ W*hy daee-dturefyme. tha it$penc6.o£.tha will to set. 
the tmn&dnwnojivmt f 

Because the muscle's which form tHeif m e c n an iinn are* votontary* 
muscles — that is, they are subject to the will of man, and infiu- 
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u And he took him by the right huid, and lifted him up ; and immediately his 
t feet and ancle bones received strength."— Acts hi. 

enced by impulses directed to them 
through the nervous system by the 
mind, which is the governing power. 

948. Why does the heart heat 
without any effort of the will ? 

Because the muscles of the heart are 
involutary muscles — that is, they are 
independent of the will, and receive a 
continuous nervous stimulus which is not 
under the controul of the mind. 

A. A large ligament, which covers the knee 
pan, or moveable bone of the knee, by which 
the ends of the bones of the thigh and leg are 
kept from slipping over each other. 

B. A muscle which passes underneath the 
cartilages of the ankle, and gives off four ten- 
dons, which are distributed to the toes, and by 
which they are extended in elongating the foot, 
walking, Ac. 

C. Part of the muscle which forms the fleshy 
bulb of the calf of the leg, and which terminates 
in the large tendon attached to the heel, called 
the tendon of Achilles. 

D. One of the ligaments which bind the 
tendons and the bones of the ankle. 

B. Arteries proceedhig from the large vessel 
descending the leg, by which the toes are sup- 
plied. 

949. Why are the muscles of the 
arms, Sfc., made subject to the con- 

Fig. 58.- MUSCLES AND VB8- **' "**1 *J > ^ 

8BL8 OP THE LEO AND froul Of the Will f 
POOT. * 

Because, as they supply the mechanism through which we adapt 
ourselves to our varying wants and circumstances, it was necessary 
that they should be placed under the controul of the mental power, 
and be moved only in accordance with man's necessities. 
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M If thou sayest, Behold, we knew it not ; doth not he that pondereth the heart 

consider it ? and he that keepeth thy soul, doth not he know it ? and shall not 

he render to every man according to his works P— Provbbbs xxiv. 

950. Why are the motion* of the heart, Sfc, made 
independent of the will ? 

Because, as the necessity for the heart's motion is fixed and 
unalterable, the constant motion of the heart could be best secured 
by giving it a fixed nervous influence, by which it might be 
unfailingly prompted to fulfil its functions. 

If the movements of man's heart were subject to his will, he 
would be constantly required to regard the operations of that 
organ; and so large an amount of mental care and physical 
exertion would have to be employed in that direction, that man's 
sole work would be to keep himself alive. Hence we see the 
goodness of the Creator in giving life to man, and in keeping the 
vital impulses under his divine care. 



CHAPTER XLVIL 

961, What are nerves ? 

The nerves are branches of the brain and the spinal cord; they 
are distributed in great numbers to all the active and sensitive parts 
of the body. 

952. What is the spinal cord? 

The spinal cord is a long and large cord of nervous matter, 
which extends from the brain through a continuous tube formed by 
corresponding hollows in the bones of the back. It serves as a 
nervous trunk for the distribution of nerves, just as the aorta dis- 
tributes branches of blood-vessels. 

953. Why is the spinal cord placed in the grooves formed 
by the back-bone ? 

Being a very vital part of the system, and from the delicacy of 
its structure liable to injuries, it is set in the back-bone for 
protection; and so great is its security that it is only by force of 
an unusual kind that it can be injured. - 
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• • * A smmd heart isthe'lifrof the fidsh : but envyisthe rattennesst>f the 



>V»«A<W/»^WWWS^IWVMWW 



&&4i.{ Mow, can -branches proceed 
from it, if it.is vo securely. -eneamd 
in bone ? 

t Because, in <the„bones/ *on*.each mdeof 
.of .the spinal xor4, ihere : are. smaller 
.grooves for ..the tmnanuaaan of ,ihe 
nervous branches. 

v 955. Qfmknt does fa nervous sys- 
tem consist? 

''OFthe brain, 'the spinal cord, and 'the 
' branches .which are called nerves. 

B. Cnnal formed in the muscle, through which 
& trunk-vein emerges. 

C. Canal formed in the muscle, through which 
a large nerve emerges. 
. D. Canal through which a vein enters to 

* «taniMuicate«- with. 4foe deep muscles of the 
arm. 

956. What is the constitution of a 
>ncrver? 

It consists of a thin membrane, or 'sheath, snnronndmg ayreyish 

oily matter, which forms the nervous marrow. In the centre of 

this marrow is usually found a *malhji6rp, whioh i&spppostd to be 

.iJteawenfcia^'parthof%4he newe ; «nd most nerves consist of a number 

v4fitiias6tehtiitfi»«MilfiHtwg .fibres xunning.in parallel directions. 

r9$7rWhatis'%henervotisyiuid*r 

The term nervous fluid is used to express our ideas of the mode 
by which the brain and spinal cord influence the remote parts : just 
"as* we. my <fche ekbtric*flmd, without ; fait wing, that such; a. fluid 
exists. It is the most convenient form of expression. 

^996. ^Ewo manyxelaeees'of nerves ere, there f 

Therejare:— 

1. The nerves of mtrtion. 

2. The nerves of sensation. ... 



Pig. 59.— SHOwnro the 

DISTRIBUTION OP NERVES 
AHD VEINS, ABD IM.W8 - 
TBATIKa THB MAIfVEB 
IS WHICH THBT PASS 
THROUGH THB PLB8H TO 
BEACH THB PAKTS TO 
WHICH THBIB FUNCTIONS 
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" Having many things to write unto you. I would not write with paper and ink> , 
but I trust iff come unto you, and speak face to face; that out joy 
may be fuU."— ir JdHir: 

31 Tfi'e nerves of special 'bens* 
4. The nerves of sympathy ^ 

959; What are the nerves offyotidn'?* 

The nerves cf 'motion are those wlrick; in obedience to the wiHj> . 
stimulate the muscles td act;' and 1 apportion • the amoniiir of J ' 
stimulation, they convey to the degree of exertion required. . 



Fig. 60.— MUSCLES Or THE <HEAD AND PACE, WITH KESVSB DTSTBTBtrrBD •«• 
THBEBTOV 

AAA. Th&faHal ftawemerging fii>n»un<i«ii^tfc theeer <k arf<li»tributu«,. 
bramehes to* the cheeksv temple, forehead/ Ac. » . This n«rve- f excitoe^hafiauscles^ 
of the face;* -and is chiefly instrumental in ' prodaosny fthe^eapjusDui mil oI*&he* ■ 
countenance- under the changing 1 emotion* of the mljKL>*. 

BB B.' Muscles by -which various- motions' are 'imparted' "to *He*4ieadptasaaa 
mouth, Ac., under the sUintUus of the nerves: 

960. W hat are the nerves of sensation ? 

The nerves ofsmmtion are. .those whioh impart a.censvio tmmep s 
tg*4h* .brxim- tltefaits.ftei»fiHfvdft>io the nerves-of motion have been 
obeyed, and how far they have been fulfilled. 
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" Oh that men would praise the Lord for his goodness, and for his wonderful 
works to the children of men."— Psalm cyii. 



Let us perform a simple experiment, which will more clearly illustrate the 
phenomena of motion and of sensation, which we are now describing, than 
a great deal of writing upon the subject. You hold in your hand this book : 
close it, and set it upon the table; lay your hands passively upon your lap, 
and then wiU your hand, to take up the book, which is the same as to say, com- 
mand your hand to take up the book. What occurs ? The hand, immediately 
obeying your desire, stretches forward to the book, and takes hold of it. How 
do you know that you have hold of it ? You see that you have : but were your 
eyes closed, you would be equally aware that the hand had reached the book, 
and fulfilled your wishes. It is by the nerves of sensation that yon are made 
aware that the hand has fulfilled your instructions. 

Consider what took place in the simple action. In the first instance, a 
desire arose in your mind to take up the book. The brain is the organ of the 
mind ; and having branches either proceeding from itself, or from the spinal 
cord, to every part of the body— branches that traverse like telegraphic wires 
throughout every part of the system,— it transmitted instructions along the 
nerves that proceed to the muscles of the arm and hand, directing them to take 
up the book. This was done instantly ; and as soon as it was done you became 
conscious that your will had been obeyed— because the nerves sent back a sen- 
sation to the brain acquainting it that the book had been taken up, and that at 
the moment of the dispatch it was in the firm hold of the hand. 

In all the varied motions of the body this double action of the nerves takes 
place. It is obvious that without an outward impulse from the brain, upon 
which the desire of the mind first made an impression, no motion of the mus- 
cles of the arm and the hand could have taken place ; and it is also obvious that 
without an inward impulse from the nerves to the brain, you would not have 
known that the muscles had fulfilled your instructions. The hand might have 
dropped by the side of the book, or have gone too far, or not far enough, and you 
would not have been waare of the result, but for an inward communication 
through the nerves. 

We are not now speaking of the nerves which endow us with the sense of 
feeling; because they are regarded as separate and distinct from those nerves 
that produce in us consciousness of muscular response. When we walk, rise, or 
sit, we are made conscious, without any special feeling being exerted, that the 
muscles have placed the limb, or the body, in the desired position, that it is 
set down safely said firmly, and that we may repose upon it securely without 
further attention. We refer the impressions made by the book upon the nerves 
of the hand, and which enable us to tell whether it feels hot or cold, 
whether its surface is rough or smooth, and so on, to the special sense of feeling. 
The consciousness of muscular action is a separate and distinct function ; and 
it is generally believed that the same nerves that convey the command of the 
will outward, bringing back the intimation that the will has been obeyed, but 
that different fibres of the nerves convey the outward and the inward impulses. 
A single nerve may therefore be likened to a double wire connected with the 
electric telegraph: one transmitting despatches in one direction, and the other 
in the opposite direction. 

061. What are the nerves of special sense? 
The nerves of special sense are those through which we hear, see, 
Jbel, smell, and taste. 
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* For the Lard seeth not m man seeth ; for man looketh on the outward appear* 
ance, hut the Lord looketh on the heart."— Samuel xvi. 



962, What are the nerves of sympathy ? 

The nerves of sympathy, or the system of sympathetic nerves, 
are those which are distributed to the internal organs, and which 
are independent of the will. They regulate the motions of the 
heart, the lungs, the stomach, &c., and stimulate the organs of 
secretion, so that those organs work in harmony with each other. 

As the internal organs are all more or less dependent upon each 
other, and unite their functions for similar ends, it is obvious that 
there should prevail among them a mutual consciousness of their 
state. Otherwise, when the stomach had formed chyme, the liver 
might have no bile ready to fulfil its office ; the absorbents might 
be in a state of rest at the moment when nutrition was set before 
them ; and the heart might beat slowly, while the lungs were in 
active exertion to obtain additional blood to support an active 
exercise. The sympathetic system of nerves therefore regulates 
and harmonises these internal functions. 



CHAPTER XLVIII. 

963. Why do we see objects ? 

Because the light which is reflected from them enters our eyes 
and produces images of their forms upon a membrane of nerves 
called the retina, just as images are produced upon a mirror. 

964. Why doe* this enable us to see ? 

Because the membrane which receives the images of objects is 
connected with the optic nerve which transmits to the brain impres- 
sions made by the reflections of light, just as other nerves convey 
the effects of feeling, hearing, tasting, Ac. 

965. Why are we enabled to move our eyes ? 

Because various muscles are so placed in relation to the eye- 
ball, that their contraction draws the eye in the direction required. 
We are thus enabled to adjust the direction of the eye to the position 
of the objects we desire to see, in other words to set the mirror in 
such a position that it will receive the reflection. (See 517.) 
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•Tndy*hfe^^1s8weet/andftp}elM«BttWiig^tl»'«f<ft* taa ejwto ; behold the 
sun."~BoottBB£u»Bfl'xr.' 



966. TFAy ore we?, enabled* to see* large * objects \uponr so 
small** 8wrftiee ? 

Because the tenses and ' humours of ' thte eye aolUet the ray off 
ligKt coming from everydftectioir, and, bringing tkem int&afb'cwp, 
transmit *them to the retina,- where each* ray impresses upon*tfesK 
nervous surface the qualities ifr'receired ^(m^'the^objec^ wludki 
reflected it. 




H. * 

Fig^61.— THE BYEBAiLL AJTD ITS J4FSCLES. 

A. Portion of foww through whieh thft«optii> riftme paasesin itBcommunieation 
between the brain and the eye. 

B. The optic nerve, from before which an external muscle has been cut away, 
leaving its twojittachments. 

C. The globe of the eye. 

D. The muscle which turns 4b&eye outioand y and which is counteracted by a 
muscle on the other side. 

E. The muscle which passes through a loop, or staple of cartilage I, and turn* 
the eye obliquely. It is counteracted by a musole- situated- underneath. 

XV 3%tt«nuMft*4taMM underneath, which i«m* the eyeboU upwards, urtte 
counteracted by , 
6. The musole which turns the eyeball downwards. 
H. The muscle attached to a bone which turns the eyebdU upwards": 
L The cartilaginous loop through^-wttich a .muacki passes. . 
J. The front chamber of the eye filled with a clear fluid. 
K. Fragment of the bone by which one of the muscles is* fastened. 

967T JP% d6 some personS'Squint? ' 

Because it sometimes happens that a muscle of "the eye oats' Uo 1 
powerfully for itsomponiofiL i musole, and draw&JAe eje Aoo much 
oaoneAflide.. 

986* W'fydoes^heywptivf tfoi%6il<^McMM : 

Because ihe pupilis an -opening through which' tfcfr ray* <of ligiifr 

pass into the chamber of *the eye;" There is$ therefore? noihugoiu 

the pupil, offihe eye to reflecHTgWr. 1 
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' •'Keep me a* the apple of thine eye ;' hide me under the Wuidow t>£*hy 
wings."— Psajcm xvn. 



'909. *Why is 'the pupil -of theyye' larger, sometitnes'lkan 
at others? 

Because the iris, a. ring of extremely fine muscles which surround 
the pupil, contracts when too much light falls upon the retina, and 
'dilates -when \the fcfcht is feeble. It therefore enlarges or 
(Kmiiashes the sue of<4he pupil ■ to r*gu>kde y the mimissi&n of 
light. 



' Fig. 62.— BBCTTOIT OP THE BTB-SBEir tbom^bjikivd 
* A. The jw»£W of the eye through- which the tight-enters. 
tftiThe**** whfch ditatee or Gantanota/iand th&rebyiiiaremtm*^ lessens the 
siseofihejwpiZ. 
C C. The three coats of the ep^v- called the sclerotic, choroid, and retina. 

D. The ciliary processes, or hair-like muscles, which have a slight vibratory 
motion which they impart to the fluids of the eye. 

E. The dark coat of the choroid, the coat forming the retina removed. 

970. >W<hy\kevve><w6ti»(>ity68? 

Because 1 the field of vision is thereby 'imtckz-aatsttded ; 'the 
intensity of sight is also increased, the ifeprasmns upon tta&rosn 
being clearer and better defined, just as in a stereoscope.^ effect of 
vision is heightened by a double picture ; the sense of sight being 
more constantly exercised than any other sense 'during our-wsjiing 
moments, one eye is frequently called. upon to give rest to 1 the 
other; arid, the important faculty, of vision, being endanger&Tby 
the necessary exposure of some parts of the eye, arid the equally 
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" The ores of the Lord are upon the righteous, and his ears are open unto their 
cry. M — Psalm iiiiy. 



necessary delicacy of an organ formed to receive impressions from 
so ethereal an element as light, is rendered the more secure to us, 
since though one eye may become enfeebled, diseased, or wholly 
lost, the other eye will retain the blessing of sight. 

971. Why, having two eyes, and each eye receiving a 
reflection upon its retina, does the brain experience only one 
impression of an object? 

Because, besides those optical laws which bring upon the two 
retinas the exactly corresponding images of the same objects, the 
optic nerves meet before they reach the brain, and blend the 
impulses which they convey. 

972. Why are the eyes provided with eye-lids ? 

Because the eyes require to be defended from floating particles in 
in the air, and to be kept moist and clean. The eye-lids form the 
shutters of the eye, defending it when waking, by closing upon its 
surface whenever danger is apprehended, moistening its surface when 
it becomes dry, and covering it securely during the hours of sleep. 

973. Why are the eye-lids fringed with eye-lashes ? 

Because the eye-lashes assist to modify the light, and to protect 
the eye, without actually closing the eye-lids. When the eye-lids 
are partially closed, as in very sunny or dusty weather, the 
eye-lashes cross each other, forming a kind of shady lattice-work, 
from the interspaces of which the eye looks out with advantage, 
and sees sufficiently for the guidance of the body. 

974. Why are we able to see at long or short distances ? 

Because the crystalline lens of the eye is a moveable body, and 
is pushed forward, or drawn back by fine muscular fibres, acccording 
to the distances of the objects upon which we look. By these means 
lis focus becomes adjusted, 

975. Why do we wink ? 

Because, by the repeated action of winking, the eye is Jeept 
moist and clean, and the watery fluid secreted by little glands m 
the eye-lids, and at the sides of the eye, is spread equally over the 
surface, instead of being allowed to accumulate. But the action of 
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M And the eye cannot say unto the hand, I have no need of thee; nor again the 
head to the feet, I have no need of you.*'— Corinth, xii. 

winking, or brightening the eye, is so instantaneous that it does not 
impede the sight. 

976. Whence are the humours and secretions of the eye 
derived? 

From the blood, which flows abundantly to the eyes, and is 
circulated in capillary vessels that are spread out upon the 
membranous coats of the eye-balls. 



Fig. 68.— SECTION 07 THE ETB. 

A and B. The sclerotic, choroid, and retina, the three layers or coats which 
form the walls of the globe of the eye, and enclose its humours. 
C C. The iris. 

D. The front chamber of the eye, filled with watery humour. 
B. The pupil, through which the rays of light pass to 

F. The crystalline lens. 

G G. The vitreous humour enclosed in cells formed by the hyaloid membrane. 
H. An artery which supplies blood to the crystalline lens, and which passes 
through the centre of the optic nerve. 

G. The optic nerve, showing the sheath in which the nerve is enclosed* 

977. Why do tears form in the eyes ? 

Because, under the emotions of the mind, the circulation of blood 
in the brain, and in its nearest branches, becomes considerably 
quickened. The eyes receive a larger amount of blood, and the 
secretion of the lachrymal glands being increased, the fluid 
overflows, and tears are formed. The use of tears is probably to 
"keep the eyes cool during the excitement of the brain. They are 
formed also during laughing, but less frequently. 

H2 
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' If the whole bodywere an eyej where were hearing ? if the whole were heating 
• where were smelling ?"-M3oH«rTMA.!rffTcai. 



<9f 8. TJ^Ay ifo we feel inoom>m**enoedby sudden light? 

Because an excess of light enters the eye before the iris has 1 hdd 
time to adjust the pupil to the amounts! light to be received. 

979. Why if we look upon, a very bright light, and then 
Jurn away, are we, unable to *ee ? 

Because the iris has so reduced the pupil whfle^we were looking 
at the bright light, that immediatel jupon turning to a darker object, 
the pupil is too small toadm i apri fiaant rays to enable us to see. 



Pig. 64-KJlPH.LMtT BLOOD-VESSELS OP'THB TTTE. 

A A. Capillary veuu.dittributedover the ««farato*oat. 
B. One of the trunks of -the opUo nerve. 
0. A nerve communicating with the ciliary processes. 
. D. A vein running parallel with the nerve to the ciliary processes. 
E. Side view of the iris. 

980. Why do we see better after a short time ? 

Because the iris has relaxed and enlarged the pupil, therefore toe 
receive more rays of light from the conrparatrvfely dark 'Object,' and 
ore enabled to see it more clearly. 

;J981. ♦ Wkytdo eats, bats, owls,. #c*, tee in th& dark ? 

Because their eye* are made highly? sensitive to small qwtMsties 
*bf light. It is k alto believed that there \areneertain< propertiesvbf 
light which affect their -eyes; bat da notaSectomra. iln o&bemwii, 
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" He that faatheaw- to hear, let iii».h«sar. M — Matthew xi. 



that therr arc = some' rays which care lommoas - to 4h«m -whicfcjare 
not luminous to us.' Hence they find light in what we call darkness, 

982.' Why deesthe.pypil of iL4ei'z«ege/yqpjear.ji&mly closed , 
by day ? 

Because the cat's eye is so sensitive to light that the iris closes 
the pupil almost entirely to shnt out the too powerful light. 



CLHAPTER XLIX.. 

983. JWhyyddousrhear ? 

Because thhc tfopp num of the^e«cr«Bw«r. impressions from 
sounds, aadftiuuuiiifcthose impreaskniHt4otifcdbi»iL in' a * similar 
manner t&thkfcfciim which the ret^m<o£^lfeepf:trsiinaits the 
impre3sionafnmd<lm|ipn id byffighk . 

984. Wfyid*)mupprtiofftUtfar>vpM^^ ? 
The externa>lwMisVa*^w^ra^«rf^«^^/and serves to collect 

the vibrations of Isaund,' and to conduct them 'towards the internal 
ear. 

985. Why is the rear* allowed to project, whUsL the eye is 
carefully enclosed ? 

Because the external ear, being, formed, of tough cartilaginous 
substance, and being very simple in its organisation, is but little 
liable to injury. 

986. Why do hairs grow across the entrance of the ear* ? 
BBcause they prevent "the intrusion' of insects, -andVof particles of 

dust, by which otherwise the faculty of hearing would be impaired;' 

Tbein«e«b'«aJiedthetfa«M^i3.popalarly,Bupp9Beclto be so named from its 
tendency to get into the human ear, and cause pain and madness by. 
penetrating to .the. .brain. An. earwig, however, is. no more likely ,to get into 
th&.eafl. than, any other insect, whose habit it is to penetrate the corollas of 
flowers; and should an insect enter the ear, i: could get no further than the 
membrane qfthe tympcmum, which spreads all over the auditory passage, just as 
the- parchment of a drum, spreads over the entire- oircnnrferenee of that 
instrument. The fact is, that the wing •ot the insect, when spread, r owmb Ute 
the external ear in shape. It is similar to the wing of the stag beetle '(«**« 
illustration), and this fancied resemblance of. the wing of the insect to the ear 
of man may have given rise to the name x>tear*v>ii$ff, wtoob^eoameeorrupfcicl 
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•' Both not the eartry words ? and the mouth taste his meat."— Job xn. 

987. Why is wax secreted at the entrance of the ear? 

Because, by the peculiar resinous property which it possesses, it 
improves the sound'Conducting power of the auditory canal through 
which it prevails. 



Fig. 66.— THB BTBUCTUBB OF THB BAB. 

AA.0 lands which secrete wax in the walls of the tube of the ear. 

B. The membrane of the tympanum, or drum of the ear, formed in the shape 
of a funnel. 

0. Bones which act as a sort of sounding-board to the ear, giving strength to 
the vibrations. 

D. The Eustachian tube, which opens into the root of the mouth, and which 
serves to p reserve an equilibrium in the density of the air occupying the tubes 
of the ear. 

E and 7. The labrynth of the ear, consisting of folds of membraneous tubes, 
filled with fluid, which serves to undulate with the vibrations of the tympanum, 
and thu s gives clearness and precision to the sounds. 

The auditory nerves are distributed in the tubes above described (the vestibule 
and the cochlea E F), and the nerves receive their impressions from the undu- 
ations of the fluid. 

988. W hy do we sometimes hear singing noises in the ear T 
Because the ear is liable to inflammation from various cau s e s, and 
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" Apply thine heart unto instruction, and thine ears to the words of 
knowledge."— Pbovbbbb xxiii. 

when the blood flows unduly through the vessels of the ear it 
produces a slight sound, 

989. Why do people become deaf? 

Because the ear may be injured in various ways : the tympanum 
may be impaired, the fluid of the ear dried up, or the nerves be 
pressed upon by swellings in the surrounding parts.' When, 
therefore, the mechanism of hearing is impaired, the sense of 
hearing becomes weakened, or altogether lost. 

990. Why do persons accustomed to loud noises feel no 
inconvenience from them ? 

Because the sensitiveness of the nerves of the ear becomes 
deadened. They do not convey to the brain such intense impulses 
when they are frequently acted upon by loud sounds. 

991. Why do persons engaged in battle often lose their 
hearing? 

Because the vibrations caused by the sounds of artillery are so 
violent that they overpower the mechanism of the ear, and 
frequently rupture the connection of the fine nervous filaments 
with the textures through which they spread. 

The violent concussions of the air produced by volleys of cannon, or by loud 
peals of thunder, have an overpowering effect upon persons nervously con- 
stituted, and upon the organ of hearing, which is more especially affected. As 
persons have been struck blind by intense light, so others have been deafened 
by intense sounds. In 1697 a butcher's dog was killed by the noise of the 
firing to celebrate the proclamation of peace. Two troops of horse were 
dismounted, and drawn up in a line to fire volleys. At the moment of the 
first volley a large and courageous mastiff, belonging to a butcher, was lying 
asleep before the fire. At the noise of the first volley the dog started up, and ran 
into another room, where it hid itself behind a bed ; on the firing of the second 
volley, it ran several times bout the room, trembling violently ; and when the 
bird volley was fired it ran around once or twice with great voilence, and then 
dropped down dead, with blood flowing from its mouth and nose. Persons 
who are painfully affected by loud noises should put a little wool in their ears 
when such noises are occurring; they will thereby save themselves from 
temporary inconvenience, and probably preserve the sense of hearing from 
permanent injury. 

992. Why do we smell ? 

Because minute particles of matter, diffused in the air, come in 
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° And the Lord God farmed man of the dust ot the ground, and breathed into 
his nostrils the breath of life ; and.xna&beeame a living soul."— Genesis ii. 



cantact withxthedilaments ofA)&0lf(u4^ ; nervef.v/hkhaTe*ipX6ri 
out upon the walls of the nostrils, and those nerves transmit 
impressions to the brain, constituting what we call the odour of 
substances. 



Pjjr. 66. — SHOWING THE DI8TBIBUTION OP THE NEBYOUS FILAMENTS UPON 
SENSITIVE aMMBBANBS.! 

A, Tfcgofrbcfoty nwog^distaibuteiifai mmutebranchea upen the f marahranfu 
oMhetnostrilv. 

B.' Tne &*» of *he«Z/ttrto»y«er¥w 

C. The rootetrom whiohthe olfactory-nerve originates. • 

J). B.. Nerves qf the palate, showing the manner iri which they arc passed 
through the bones, of the roof Of the mouth. 

99& Why ■, dou hair* n grow, acros*,. the . passage*- of the . 
nvstriU? 

Beeause'they'fdrm a dtffaengma&tikt »adnn*eieni;of -dusfc.anA 
insects, which would otherwise -frequently- irritate' the"nervw»' 
structure of the nose. 

994. Why are the nostrils diraciediidaymwapds ?. 
Because, as odours andv effluvia a$cmi$ the nose- is * directed 
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• «"Qh1 ttok-**Ich> is^agwwwMtry tee <«rt»v wftbaut salt r or Is there any taate in 
* *4he*white off an eggT'-^-JoB - tt. 



-towards tkemj «nd? thw%by ^recw^wr the readiest inaimtifcion-'dftlioFe 
bodies floating in the air which maj^be ^•asraaWevto A^awise^or 
offensive to theuamell, and injuriousbto Me. 

995. Why is the nose placed over and near the mouth ? 

Because, as one of the .chiefrdnties*oi that>or#an. is. to exercise, a 
. watchfulness over the parity of the substances we eat and drink, 
'it is placed in that position which enables it to discharge' that, duty 
with the greatest readiness. 



CHAPTER L. 

996. W&tyJo watmie ? 

Because the tongue is endowed with gustatory nerves, having the 
function of taste «as;4heir epemal-emse, ■ just as the optic/ the 
WEtfrKforyi and the' off artery verves^ have their special duties in the 
eyes, ears, and nose. 

997. . Why do .some, substances. Jaste ,*vteef, „ others sour, 
others salt, Sfc. ? 

J Ifctob^vfed-thatiihe imp rwaoji s «of .tastcuMMBetfronr ithe* various 
ibimifwftk&akmspfwutiteriTpvw thecnmwes of (theMtottgae. 

QQ8.jW.hy:doi<we taste sM*st6^es t 4n6st«*attyaotoifiiy after 
thsyihaver remained^ a Mt^e while. in the mouth? 

Because the nerves of taste are most abundantly distributed to 
the under surface of 'the tongue; and when solid substances have 
been in 'the mouth a little while, they impregnate the saliva of the 
mouth with their particles and come in contact in a fluid solution 
with the gustatory nerves, 

. 999. Whyjfwe, put a. nub of sugar to the #p of the tongue 
has it no taste? 

v Because *he»gitettttory nerves are not < distributed to tkatpartwf 
the tongue. 
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" Wine is a mocker, strong drink is raging ; and whosoever is deceived thereby 
i» not wise."— Pbovbkbs xx. 

1000. Why, when we draw the tongue in, do we recognise 
the sweetness of the sugar ? 

Because the dissolved particles of sugar are brought in contact 
with the nerves of taste. 

1001. Through what nerves are we made sensible of the 
contact of sugar with the tip of the tongue ? 

Through the nerves of feeling, which are abundantly distributed 
to the tongue to guide it in its controul over the mastication of 
food. 

1002. Why do conniseurs of wines close their mouths and 
distend their chins for a few seconds, when tasting wines ? 

Because they thereby bring the wine in contact with the under 
surface of the tongue, in which the gustatory nerves chiefly reside. 

1003. Why do they also pass the fumes of the wines through 
their nostrils? 

Became flavour, in its fullest sense, comprehends not only the 
taste, but the odour of a substance ; and, therefore, persons of 
experience attend to both requisites. 

The various conditions of taste are defined to be : — 

1. Where sensations of touch are alone produced, as by glass, ice, 
pebbles, Ac. 

2. Where, in addition . to being felt upon the tongue, the 
the substance excites sensation in the olfactory nerves, as by lead, 
tin, copper, Ac. 

3. Where, besides being felt, there are peculiar sensations of 
taste, expressive of the properties of bodies, as salt, sugar, tartaric 
acid, Ac. 

4. Where, besides being felt and tasted, there is an odour 
characteristic of the substance, and essential to the full develope- 
ment of its flavours, as in cloves, lemon-peel, carriway-seed, and 
aromatic substances generally. 

1004. Why do we feel? 

Because there are distributed to various parts of the body fine 
nervous filaments, which have for their special duty the trans- 
mission to the brain of impressions made upon them by contact 
with substances. 



Digitized by CjOOQ IC 



THX BSASOK WHY. 217 

* The works of the Lord we great, sought out of all them that have pleasure 
therein."— Psalm cxi. 



1005, In what parts" of the body does the sense of touch 
more especially reside ? 

In the points of the fingers and in the tongue. By laying a 
piece of paper upon a table, and upon the paper a piece of cloth, on 
the piece of cloth a bit of silk, and on the bit of silk a piece of 
leather, so that the edge of each would be exposed to the extent of 
half-an-inch, it would be possible by the touch to tell when the 
finger passed successively over the leather, silk, cloth, or paper, and 
arrived on the table. 

Those impressions of touch must have been communicated, with 
their extremely nice distinctions, to the sensitive nerves that lie 
underneath the skin, and must have been transmitted all the way 
through the arm to the brain, although the touch itself was so 
light as scarcely to be appreciable with regard to the force applied. 

A hair lying on the tongue will be plainly perceptible to the touch 
of the tongue ; and the surface of a broken tooth will often causes 
the tongue great annoyance, by the acute perception it imparts 
of the roughness of its surface. 

The toes are also highly sensitive, though their powers of touch 
are seldom folly developed. Persons who have lost their arms, how- 
ever, have brought their feet to be almost as sensitive as fingers. 
Blind persons increase, by constant exercise, their powers of touch 
to such a degree that they are able to read freely by passing their 
fingers over embossed printing ; and they have been known to 
distinguish colours by differences in their grain, quite unappreciable 
by other persons. 

1006. Why is feeling impaired when the hands are cold? 
Because, as the blood flows slowly to the nerves, they are less 

capable of that perception of touch which is their special sense. The 
skin contracts upon the nervous filaments, and impairs the contact 
between them and the bodies which they touch. 

1007. Why do the fingers prick and sting when they again 
become warm? 

Because, as the warmth expands the cuticle, and the blood begins 
to flow more freely through the ' vessels, the nerves are made 
conscious of the movements of the blood, and continue to be so 
until the circulation is equally restored to all the parts. 



Digitized by VjOOQ IC 



218 * THS. JUSlMKi 1THX. 

" In thMimt of thy-fa©ft*hBlfr thou eat bread,,till thou, return to the ground 
for out of it thou wasfc taken « far dust than art, and unto dust 
• shalt thou return,"— Gbxbsis hi. 

1008. W hy do persons whose legs and arms have been 
amputated fancy they feel the toes or fingers- of the amputated* 
limb?: 

Because thernervous trunk which' formerly conveyed Impressions ■•»• 
from those .exfcremities remains in the part of the limb 'attached* to - 
thftbodyj . The mind has been .accustomed id refer thS impulses' 
received through that nervous trunk to the extremity where the * 
sensations arose. And now that the nerve has been cnt, the 
painful sensation caused thereby is referred to the extremity which 1 
the nerve supplied, and the sufferers for a. time appear to continue 
to feci the part which they have lost. 



CHAPTER W.- 

1009. Why do we perspire ? 

Because the skin is filled vnthWcrymmittte •ports , wfciek aeir'as 
outlets for a portion of the water of the-bhtody tbafc* sanwtov- 
moisten and cool the surface of the body,- andto carry awvytsome ; 
of the matter no longer needed in the>system» 

lOiOi Mom is the perspiration fgrmed .?. 

BJr very smaH ^fot?M^,:which lie* embedded in the skin;., Ibisi 
estimated that there are about 2,700,000 perspiratory, glands^ 
distributed over.thevsurface of the body, and that these glands find 
outlets for their, secretion* through, no less. than- seven millions of 
pores. 

1011. Whatie insensible perspimtion ?, 

Insensible perspiration is that tfomsmumantofl wmtetcy partioiesi 
through 4he * shin .< which i&« constantly. gpkg,;on,< Jrofe which^takes 
place so gently that it cannot be perceived. It is,<howev.er, very, 
i mport a n t in.< ita : results,- m no .dess . than from twenty, to thirty- 
th^ee ounces ofiw*ter.mayp?usimp$rc8p}ibly k th*oughtKe shin in . 
ttimtfyftfunthourr. 

1012. What U sensible pervpwatvmf j 
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"AttdBttfba — nti n < —go qittmMm^ paying, <3o aacb — ri i «inf Jgrian< seTen 

times, aridity fe»h*h&U«mt agahvttfttaM* and thou ahalt 

. bOfllWUL"— II XlXOS> y. 



-Sensible £ perspiration" is .that .moisture which* exudes upon the 
skin in. drops large enough to.be perceptible, when the .body* is 
heated by exercise or other means. 

1013. Why does a sudden change, from heat to- cold bring 
on illness ? 

' Because "the effect of cold arrests the action^ofthe vessels of the 
skin, and suddenly 'throws upon the internal organs the excretory 

* labour, which the skin should have sustained. 

1014. Why does a chill upon the shin frequently produce 
itiflwmmtition of the' hmgs ? 

Because the lungs and the skin together discharge the* chief pro-* 

* portion of *he"watery ihiid of thef body. • When- the skin's abtion 
is cheeked, 4he imngs l have K to ' throw off awash 'greater smowkt of 
fluid, i Ifee dungs, ' therefore, »beeeme n over - worked, wand* inflam- 
matory action sets in. 

1015. Why does cleanliness promote health? 

i BtOBMBm every, atom of dirfr which lodges upon the, ? surface M the 
, body#er*es to elogrand check the working of those mmutepores, by 
which much of the fluid of the body is changed and purified. 

t In theiintemabpavtaof the system; the Creator hasinadeiample 
;■- provision ; .fcr. flleanlkttss. Y'Eiwy* organ laso so : coiisiastited that it 
cleanses and lubricates, itself. »E*ery suvfeee JDfitkeiiiimer.fcodyrts 
». perie0|Ly4lean,i*ndtastec£t a*ailk 

"Nature dearor toman ihe'cave ©fijfehosesTirfee^nshaflh- arewunder 
.daa immediate o baa mtioipawd oontronl j»and he who y ii*oin (idleness, 
.jorrimfinarenee to nature's laws, ,»is ugwilty . of ^pergonal nggfebt, 
ittppasts the wideat intentions of thef Qveaiori and rmtst moaner jer 
utatertpay the penalty ofcauobedhnce. 

1016. Why does exercise promote health ? 

- Because it assistsu/oll the.tfnnotions upontiwhish Ufa depend. <Jt 
.qwjfefaang fche-cirouhitionyand thBrebyvnourishes^reryixmrtjof the body, 
-rousing the.boneltd'become firm, -arid the muscles td* become ftfll arid 
iieafthy . I^^romotes breathing, by. which oxygen is .taken into 1 the 
~fljjrst»m,«8&d<' cafcbon > thrown "oflf, and thereby dbipapaduees a higher 
r degrerof wgairic nfe and strength than would otherwise-exist. *It 
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"Love not sleep lest thou come to poverty s open thine eyes, end thou shalt be 
satisfied with bread."-PBOV. xx. 



promotes perspiration, by which, through the millions of pores 
of the skin, much of the fluid of the body is changed and purified. 
And it induces that genial and diffused warmth, which is one of the 
chief conditions of a high degree of vitality. 

1017. Why do we feel fatigue ? 

Because those organs which stimulate the mechanism of the 
body to act, themselves require rest and repair. When the brain 
and nerves arrive at that state, they make their condition known to 
the system generally, by indications which we denominate fatigue. 

1018. Why, after rest, do we return invigorated to our 
» labours? 

Because the nervous system has accumulated, during the hours 
of rest, a fresh amount of that vital force which we call the nervous 
fluid, and by which the various organs of the body are excited to 
perform the duties assigned to them. 

1019. What U sleep? 

Sleep is understood to be that state of the body in which the 
relation of the brain to some parts of the body is temporarily 
suspended. 

There are some parts of the body that never sleep : such are the 
heart, the lungs, the organs of circulation, and those parts of the 
nervous system that direct their operations. 

But when sleep overtakes the system, it seems as if the relations 
of those parts under the controul of the will were temporarily 
suspended; as if, for instance, those nerves which move the arms, 
the legs, the eyes, the tongue, Ac., were all at once unfastened, 
just as the strings of an instrument are relaxed by the turning of 
a key, or the throwing down of a bridge over which they were 
stretched. 

What is meant by the temporary suspension of the relation of the brain to 
some parts of the body, may be thus explained. Notice a man when he sits 
dosing in a chair: at first his head is held up, the brain controlling the muscles 
of the neck, and keeping the head erect. But drowsiness oomes on, the brain 
begins to withdraw its influence, and the muscles of the neck becoming as 
it were "unstrung," the head drops down upon the breast. But the sleep Is 
unsound, and disturbed by surrounding noises. The brain is therefore Ire* 
quently excited to return its influence to the muscles, and draw up the head of 
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w Yet » little deep, ft little dumber, ft little folding of the hand* to sleep : 80 

shall thy poverty come as one that trftvelleth ; and thy want «s an 

armed man."— Pbovebbs xxv. 

the sleeper. He gives a sadden start, every muscle is tightened in an instant, 
up goes the head, the eyes open, the ears listen, until a feeling of security and 
composure returns; the sleep again deepens, the nervous connection is again 
withdrawn, and then down drops the head as before. 

1020. Why do we dream ? 

Breams appear to arise from the excitement of the brain 
during those hours when its connection with the other parts of 
the living organism is suspended. For instance : a man dreams 
that he is pursued by a furious animal, and the mind passes 
through all the excitement of flying from danger; but the 
connection between the moving power, and the machinery of motion 
being suspended, no motion takes place. The same impressions 
upon the brain, when the nerves were " strung" to the muscles, 
would have caused a rapid flight, and a vigorous effort to escape 
from the apprehended danger. 

1021. Why do suppers, when indigestible substances are 
eaten, produce dreaming ? 

Probably because, as the digestive organs are oppressed, and 
those parts of the nervous system which stimulate the organs of 
digestion are excited by excessive action, those portions of the brain 
which are not immediately employed by the digestive process are 
disturbed by that sympathy which is observed to prevail between 
the relative parts and functions of the body. 

1022. Why do we yawn ? 

Because, as we become weary, the nervous impulses which direct 
the respiratory movements are enfeebled. It has been said that 
those movements are involuntary, and that the parts engaged in 
producing them are not subject to fatigue. But the operation of 
breathing is, to some extent, voluntary, though when we cease to * 
direct it voluntarily, it is involuntarily continued by organs which 
know no fatigue. 

"When, therefore, we feel weary — still controuling our breathing 
in our efforts to move or to speak — there frequently arrives a period 
when, for a few seconds, the respiratory process is suspended. It 
seems to be the point at which the voluntary nerves of respiration 
are about to deliver their office over to the involuntary nerves ; but 



Digitized by VjOOQ IC 



fRBFE BXftBON <W5IY. 



" "And it tehall be,- when they -say unto thee, "Whertfwe <sighdrt *ho* f iter thou 

ahalt snswerrT'or the 'tidings, feeesoseit eometh ; and ©vwy hofrt^hall 

melt, and all hands shall 4>e foebLe/'-^EEEKiEL xxi. 

' the. pause in the respiration 1 has causdd a' momentary : deficiency bf 
i .breath,*aad the. involuntary nerves o£ respiration, ooming>,guddeyy 
to the aid of the lungs, cause* a^spasmodic; action* of* the ^farts 
involved, and a yawn, attended by a deep inspiration to condensate 
for the cessation of breathing, are the result. 

.1023. > Why, da we cough ? 

"Because the respiratory organs are excited by 'the presence bf 
somebody foreign or unnatural to them. Acou&tiis an effort Tm 
v the part of the air tubes r to free them«elves"from some source~6f 
' irritation. 'And so'impottant are the organs oT^breathing to* the 
welfare of the ' bddy, that the -muscles bf the chest, back, * add 
abdomen, wnite in* the endeavour * to get rid tif the exciting 
siibstance. 

1024. Why do we sneeze ? 

Because particles of matter enter the nostrils' and excite the 

nerves of feeling and of smell. t In sneezing, as in coughing, the 

•effort 4s to*ftee*the pttisiaffeotfcrfrom the mtnuriiratrf sotneimatters 

• of an ^objectionable .nature. And ini this casey as in the <fonaep«nte, 
'there' is <a very general* sympathy of other' organs^ wkhi the part 

• tffieeted/and an energetic effort? to get rid of the evil. 

1025. Why do we sigh? 

The action of sighing arises from very similar .causes, to. those of 
k yawning. But in sighing, the nervous depression is caused by 
i grief ; while in yawning, it is the result bf fatigue. In sighing; the 

effect is generally caused' by an expiration — in yawning by an 
'inspiration. The mind, wearied and weakened by sorrow, 

omits "for a few seconds' to continue the respiratory process; add 
vlhen suddenly there comes an involuntary expiration of the breath, 

causing a* mint soudd as it passes the organs of the voice. 

TAugmn^is-tjausecFby the-very- opposite im^encesttat-prddnee 

sighing. *TPhe nervous system" is- higMy excited by some external 

; cause. 'The impressioif ia*so intense,^ and the mirid so fixed upon it, 

'IJurithere sjrirai ur j process is nregttiar,-aildTmcon1a>aidd. '^Persons 
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" Baeeat ye* utter? by the tongue weeds leasy to. be understood, how shsiMt be »• 
kno\rn what is spoken? far ye shall speak into the auVr-GoarsTH. ziy. 

exceed to a*fit oMaughteor generally' hciditheirrbimthv^antiLthe/ y 
can hold It no longer, and then Bnddenly. there is aqtp^eipinrtio»a 
causing eeeentsb 8onnds r the. mind being too intently, fiieduppnthe 
caaw^ eicfoementy irtfar ^c<w«wfrwrfft tiAistsmds+o* ta confasvlt 
tJU bheatMng. 

1027/ WfyfoweJiiecaugh? 

Hfoconghis caused by a spasmodic! witching ; of 'the ' dfcpliiiipHiy 
a thin . mnsculan m embrane which divides the chest* from the., 
abdomen/' If genenHy > arises: from sympathy wftkthe^tomaah^ ; 
and it Is highly probable* that the muscular ♦ twitches ~ aiisV jevkmve* 
so. many, efforts on.ihe part of the diaphragm, to assist the *t&mach >: : 
ta get fid tofvome wndtyestodrmaiterj 

102& . W>hy fo toe wore ? 

Snoring is caused by air sweeping^hronghHh&-pasBage» that feaeV 
from the mouth through the. nostrils,. and. which^ in. our waking, 
moments* aae capable rof* certain muscular modifications .to adapt 
them to our breatiiing. * Bat ' as • hr sleeping the«neBreus centrouh 
over them is withdrawn, they are leWto the action of ihe air which* 
inisweeping'by th*ms s*t*.them.in.vibratunLi . 

We .have eadeavoured, by the employment of the simplest language; and De- 
reference to some of .the meat familiar phenomena of nature, to impart td the * 
reader a clear conception of those sublime laws which controul bur being, and' 
afford evidence of the goodness and power of that Almighty God'tawbom we 
are indebted for the life that we enjoy, and the varied and beautiful eiwfrenoes 
which, to -the -rightly constituted mind, make the earth 1 a vast? a ggr e gates of « " 
interesting objects. We will now, before we paw on to the 'final seetioiMof oar 
work, review some of the more important facts that have -been earn— mricateu>. 
and devote a few pages to meditations upon the rormatioirof 4he human- b o dy* 
that wonderful temple' of wMch'each of us is a tenants 

We have described man's organisation. What is that organisation for f "It i*<° 
to make use <rfihe elements upon/which man exists. The lungs make use of the-' 
air; the. eye makes use of. the lights the stomach; and the system g e n er all y,- 
make use of water; every .part of the body uses heat; and all' parts of tti* Bye* 
tern jdemand food. The hand feeds as constantly as the mouth. The mouther 
the receptacle of food* by which the body is to be fed? ,the stomaoh'is the 
kitchen in which food is prepared for the use of the body; and the bldod-vesseh 1 ** 
'are the canals through which the food is sent to those members of the -body- 
that arein need bf ft. When we speak of man's " organs^ *er -"members* *w* 
speak of those parts ef «he living machiner y ,bj whlch' theetemeate are*sed'Upy» 
or employed, for man's benefit. AAdthhviewofth*^subject,^b«artnrinania , ** 
that the body is held together as the temple of a living Spirit superior* t<> i 
nekhaBfcMtaoaV gim*i*»*faJ#i*r'i 
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"Not unto us, O Lord, not unto us, but unto thy name give glory, for toy 
mercy, and for thy truth's sake." «Psaijc cxt. 



between the body and the soul than that which we might otherwise entertain. 
The body is a machine, -working for the spirit, which is its owner. While the 
machine works, the spirit directs and influences its actions. But when the 
machine stops, the spirit resigns its power over a ruined temple, quits it, and 
flies to a region where, as a spirit, it becomes subject to a new order of existence 
consistent with its severance from earthly things and laws, and there it enters 
upon its eternal destiny, according to the judgments and appointments of God. 
It is no longer dependent upon a relation between spiritual and material laws. 

Suppose that the air which man breathes, instead of returning from his lungs 
clear and imperceptible to sight, were tinged with colour; we should see, 
that every time a man breathed, the air would rush in a stream into his mouth, 
and then return again; and the air which returned would, being warm, be 
lighter than the outer air, and would rise upward over the man's head, where, 
cooling and mingling with the outer air, it would descend again. We do, in 
fact, see this action evidenced ; when in winter time the cold condenses the vapour 
of the breath, we see the little cloud constantly rising before the breather's face, 
and dispersing in the surrounding air. 

Is it not a wonderful thing that that clear and elastic substance, which you 
cannot feel, though it touches every part of your body, and which you cannot 
-see, is composed of two distinct bodies, having very different properties; and 
that the two bodies can easily be separated from each other? 

Air is of the first importance to life. Hence it is provided for us every- 
where. We require air every second, water every few hours, and food at inter* 
vate considerably apart. Air is therefore provided for us everywhere. Whether 
we stand or sit ; whether we dwell in a valley or upon a mountain ; -whether we 
go into the cellar under our house, or into the garret at the top of it, air is there 
provided for us. God, who made it a law that man should breathe to live, also 
sent him air bundantly, that he might comply with that law. And all that is 
required from man in this respect is, that he will not shut out God's bounty, but 
receive it freely. 

As we have employed the idea that if the air were coloured we should have 
the opportunity of marking the process of breathing, let us enlarge upon this, 
and suppose that every time the air were returned from the lungs it became of a 
darker colour, the darkness denoting increasing impurity. If we placed a man 
in a room full of pure air, we should see the air enter his lungs, and sent back 
slightly tinged; but this would disperse itself with the other air of the room 
and scarcely be perceptible. As the man continued to breathe, however, each 
measure of air returning from the lungs would serve to pollute that abiding 
in the room, until at last the whole mass would become cloudy and discoloured, 
and we should see such a change as occurs when water is turned from a pure and 
clear state into a muddy condition. The air does become polluted with each 
respiration, and although it is colourless, it is as impure as if with every breath 
given off from the lungs it became of a dark colour in proportion to its 
impurity. 

Thus we see how important it is that we should provide ourselves with pure 
air ; and that, in seeking warmth and comfort in our houses, we should provide 
an adequate supply of fresh atmosphere— because it is more vital to life than 
either water or food. 

Jiideed, so constant is our requirement of air, that if we had to fetch U>Jbr 
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"There is a natural body, and there is a spiritual body."— I CoBnrrSiA*B XT. 



purposes of breathing, or simply to raise it to our mouths, as we do water 
when we drink, it would be the sole occupation of our lives— we could do 
nothing else. For this reason, God has sent the air to us, and not required us 
to go to the air. And the great error of man is, that in too many instances, 
he shuts off the supply from himself, and brings on disease and pain by 
inhaling a poisonous compound, instead of air of a healthful kind, which bears 
an adaptation to the wants of life. 

Whilst the rooms of our house are filled with air, it is otherwise with water, 
whioh we require in less degree than air. If we have not the artiflcia 
means by which water is brought to our houses, through the pipes of a water 
company, there is a spring or a pump in the garden ; or in the absence of these, 
a good sound cask, standing at the end of our house, forming a receptacle 
to the water-pipes that surround it, provides us with a supply of water distilled 
from the clouds. If we were to drink a good draught of water once a day, that 
would be sufficient for all the purposes of life, as far as regards the alimentary 
uses of water. Man is, therefore, allowed to go to the stream for his drink, and 
is required to raise it to his lips at those moments when he uses it. 

Although, in breathing, man separates the oxygen of the air from the 
nitrogen thereof, he does not separate the oxygen of the water from the hydrogen 
Water, in fact, undergoes no change in the body, excepting that of admixture 
with the substances of the body. And its uses are, to moisten, to cool, to 
cleanse, and also to nourish the parts with which it comes in contact. But it 
affords no nourishment of itself; it mixes with the blood, of which it forms a 
material part, and is the means of conveying the nourishment of the blood to 
every part of the system. After it has filled this office, and taken up impurities 
that required to be removed, it is cast out of the system again, without 
undergoing any chemical change. 

Man's body is to his Soul, in many respects, what a house is to its occupant. 
But how superior is the dwelling which God erected, to that which man has 
built. Reader, come out of yourself, and in imagination realise the abstraction 
of the Soul from the body. Make an effort of thought, and do not relinquish 
that effort, until you fancy that you see your image seated on a chair before 
you. And now proceed to ask yourself certain questions respecting your bodily 
tenement— questions which, perchance, have never occurred to you before ; but 
which will impress themselves the more forcibly upon you, in proportion as you 
realise for a moment the idea of your Soul examining the body which it 
inhabits. There sits before you a form of exquisite proportions, with reference 
to the mode of life it has to pursue— the wants of the Soul for which it has 
to care, and which it has to guard, under the direction of that Soul, its 
owner and master. 

Over the brows that mark the intellectual front of that fine form, there 
fall the auburn locks of youth, or the grey hair of venerable age. Each 
of those hairs is curiously organised. If you take a branch of a tree, and 
cut it across, you will find curious markings caused by vessels of various 
structure, all necessary to the existence of the plant. In the centre will be 
found either a hollow tube, or a space occupied by a soft substance called 
pith. Each hair of your head is as curiously formed as the branch of a 
tree, and in a manner not dissimilar, though its parts are so, ro^ute 
that the unaided eye cannot discern them. Every hair has aroot,jw' * a 
tree has, and through this root it receives its nourishment. As the ;esseil 

I 
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tt^d»phn»MW J *w^ mi^mf tt> j— U t# thesis* of thepls*jtitee.f r how 
flhe«wlbrtti«^^e«4fl wbWtfcmfctfc&iwtoof the hair, being, in p rop orti on 
«v thw shw of th* haw, whtehi is- is* itself so small the* the eye. cannot see 
itvswAMturef The hattr fl^ tar tact, an animal plant, growing ipM the 
hddy in j*esh the* sam* —mm Hit phmso grew upon the suvfao* of the 
tuvtM Jtttbew^dfce* this hate grow? Mbtatoue b* th* addition of matter 
at its roots, pushing up and enlongating its stem.: nourishment passss 
up tihrnugh tos whole length, and is deposited upon its end, just as- the 
neMi4nhment of a tree i» deposited upon ite extreme branches. If,, after 
earing your hair eufc,yeu> were- to> examine its ends by the microscope,, yon 
went* disoovee the abrupt termination left by the scissors. But allow the fimr 
te grow^ tnd then enannne.it, and you will' discover that fit grows from fta point 
Wttth* inoeuHnsrteon with, Ma former state, is perfect and line. The reason 
W*r/tfe'beavd is» so- hard is*. that the ends of the hair are- continually Seine; 
nhonrtflffl The hair of the>lmard, if allowed, to grow, would become almost as 
st* s* tlrtht* e# the head* 

But why is aunt's head tara<omwred wish hair? Jorprocieely thesssnet reason 
taM»henanistisn^(mcttV4oheeythettinia<w warm, We might add* also,, to 
gtvobeswtp tethredi&es.. But aa beauty is a conventional quality— end if men 
w erw w M fcont i* they would consider themselves quiteas handaomeas they do 
new*—we will not enlarge* upon the are^unen*. Our bald-headed friends,, too, 
might hsjfw reaeoif to esumkan. of such a partial hypothesis. The brain 
Is the; great ergs* uaoa which- the health, the welfare, and. the happiness of the 
System depend*, to shall, therefore,, may be regarded as- analogous to the 
* stSona* ben," the iron sheet in which the merchant keeps his. treasure. There 
it no point at which the brain can be touched to its injury, without first dome; 
violence to the skull. Even the spinal cord runs down the back through a 
tunnel on tube, formed in a number of strong bones, so closely and firmly jointed 
together, that they ase commonly termed " the back-bone." 

loofeatthe eyebrows* What purpose do they fulfil? Precisely that of a 
ehe«\ orsrch placed over a window to shelter it from ram. But for the eye- 
brow* tltoTsesBfsrs^km we n ld frequently run from the brow into the eyes, and 
atsjem-ethe sigh*;. amen walking in a shower of rain would scarcely be able to 
se»;en*nnmr4iisr in a storm would find a double difficulty in braving the 



Hewwe etfflle t*tlls«W Witch is the windewof the Soul's abode. And what 
ivfikfetl how enr hn a ty oo^tftfwctedl larw wisely guarded! Isv the eyemahosj 
nvwulf sb the eyetofew* we see the- hair fulfilling a useful pia^ose^ differing- 
from gay already de s wrttted. The eyelashes serve to beep cold window dnst*and 
too bright sun, from injuriog or entering the windows of the body.. When we 
walk against the east wteo\ wo bring: the tips of ouverehstanvtosr^bev, smslin 
tbrtwweidh*tom<^*tMaite8iMrt»4»9tt\* eye? and tn the sssne 
ttrmner^eeaslnwe^to stoat sb« moelfy the nght. Th»er*lsohes*thet*fere, 
are lfte so mnwy seatrftsv ewnstenefr mcw l ny to sstd fcw, protecting a mean 
fmpwtan* organ from fajta*. The syeifcnr siefee sirottern by wonofc the 
windows sr» opened ami Jssii, Bus thee also stssiise the eyeyactpsan is* 
ftrnpMsiftdttotlfc Vhmw are, asewover r to the Mds eft each eye or window/, 
flitfc glsnd* «r spring* by wlish »o%nrnYu* fc termed and. supnised> 1st 
cle sis thmtheeye. Tito eynfeplaemtma sestet e« the skull*, which, it hue 
*rt* mot*on> tuns** ***•«* left, n* or <*w« r to serv* th*i*in«a» of *e 
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*Thau<aft of purer *yes tbjm*te>%eheM evil, -end oaaet ejot'JoJk -^m^ixliMtiiMy.*' 



Inhabitant of the dwelling. Of .the structure of the eye itself we will not say 
much, for the engravings will afford a clearer understanding than a lengthy 
written description. But we would have you examine the. formation of the 
iris of the living eye, the ring which surrounds the pupil. Hold alight to it, 
and you will find that the iris will contract and diminish the pupil,; withdraw 
the light, and the his will relax, and the pupil expand, thus regulating the 
amount of light. The images of external objects are formed upon the retina df 
(the eye, a .thin membraiie, saread-ont upon ,tfie .extremity ^f .a large .nerve, 
which proceeds immediately to the brain, and .farms the telegraphic ooodjry 
i which information isgiven to themind, of.ev^^tfeiag,«isibie t «ouftgftn,«o|hin 
.the range of sight. 

. Jfow, think for a fewjoomente uponihewonderf»lsitiie*ure.«f thcwe.wAPftswe 
wof Abe body. .Can you muey, in the *waUb of your house, ra window vefeiojh 
iproifiotsatse^.cleausesitse^ftndituiins knany^direetionAt ttenwreo*aU.of i&e 
•tenant;, and when.that.ienant.is oppressed -by <esoeae .»f Ijght, dram, its vaisn. 
..curtain, and gives him ease ; .and when he falls asleep, ckaas itfl ftrnmiSJwtttjsi 
.and protects itself from theeoldAod dust .of .night, -and thftfartantfre ninthes 
,imtne morning, opens, deanses itself -with a fluid athioh UUmb prepaid irliuriaf 
.the night, and kept in readiness; and repeate this routine of dM*y<«jay*fter «fey 
Jar half ra-eentury, without becoming rkupaired? dueh, •payor tfaelaof ,;ia ..the 
wonderful structure of the window of the«body-»«the ejre. 

-In- seme*oientina works that havejeeently-lwen>|mlJisaart,.SH*ifnaiiisiyffatis> 
*tians!have been made 'known. It has been -shown *hri>the;6s«jiSihTflttwased 
momentaTiiy,.as»a plsekigr«^hk)TJlate'ie4nHppseasdhyAae agacMitosBB. £ket 
the photography af. the «ye has this exti^ordliUHPy f q«aliiy<TihaA aneiaaMge 
passes away, ^d another takes its place immediately. wttsnut^eoaAHfen rflr 
indistinctness. But the -most wonderful assertion of jsil is, Jfchat tunder : -the 
excitement of memory these photographic images are restored; and that when, 
•".in ourjnind's eye," we see the image of some dear departed'friend, the retina 
TeaJly revives an image which once fell upon its sensitive sitfface,andwhicn 
image has been stored up for many years in the sacred portfolio of its 
Affections 1 

Another extraordinary assertion' is one which comes supportedny a degree of 
authendty that entitles it* to consideration. It is said that tho eye of a 'desfl 
man retains an impression Of the last picture that fell upon the faithful retina. 
Dr. fiandford, of America, examined the eye of a man named 'Beardley, who had 
neon murdered at Auburn, and. he published in the Boston Atlas the following 
statement :— " At first we suggested the saturation of the eye in a weak -solution 
Of atrophine, which evidently produced an enlarged state of the pupIL ^n 
observing this, we touched the end of the optic nerve with the extract, whenthe 
•eye instantly became jjrotuberant. ,We now. applied ,a powerful lens,iand 
diamond in thejupil, ttie»ujie^i«B>*way Hguee ,of ajnan, with ajfehsart, 
hana^c whom jssaaw ntouuietaie, standing or suspended. in -thaair r with^a^8maU 
handle, stuck .in uhe earth, .The remainder -was debris, -evidently .lost .from 
thades*mcti0n#fti;he4fJa& .HaOwe 

^evfcnuadrttaB operation ^hen.the^ayavsaaantKe .in thetsoekej, jdjth.aiUuw 
^oaMt-fuLconaactionwithtto-brain, .there is ,not,tlw least tdonht. but .that jre 
should have detected, the last idetwand uuswesaion snade on.the mindand.eynof 
thftunfOTtunateiman. The pictu««.would^vidently,he^iilJre ; and pern^ 
ahonldhaveiiad the .contour, or better s still, <the ^BB^^gutt^JhfiJBurjtew. 



Digitized by VjOOQ IC 



228 THB MASON WHY. 

"Be not mh with thy mouth, and let not thine heart be hasty to utter anything 

before God: for God is in heaven, and thou upon earth; therefore let thy 

words be few."— Ecclesiastes y. 

The last impression on the brain before death is always more terrible from fear 
than any other cause, and figures impressed on the pupil more distinct, which 
we attribute to the largeness of the optic nerve, and its free communication with 
the brain." Whether the supposition, which seems to be supported by the 
experiment above detailed, be correct or not, it is in no sense more wonderful 
than the facts which are already known respecting this curious and perfect organ. 

The nose is given us for two purposes— to enable us to respire and to smell. 
As odours arise from the surface of the earth, the cup or funnel of the nose 
is turned down to meet them. In the nostrils hair again serves a useful 
purpose. It not only warms the air which enters the nostrils, but it springs 
out from all sides, and forms an intersecting net, closing the nostrils against 
dust, and the intrusion of small insects. If by any means, as when taking a 
sharp sniff, foreign matters enter the nostrils, the nose is armed with a set of 
nerves which communicate the fact to certain muscles, amd the organs of 
respiration unite with those muscles to expel the intruding substances. In this 
action, the diaphragm, or the muscle which divides the abdomen from the 
chest, is pressed down, the lungs are filled with air, the pas age by which that 
air would otherwise escape through the mouth, is closed up, and then, all at 
once, with considerable force, the air is pressed through the nostrils, to free 
them from the annoying substance. So great is the force with which this 
action takes place, that the passage into the mouth is generally pushed open 
occasioning the person in whom the action takes place, to cry '"tsha!" and 
thus is formed what is termed a sneeze. As with the eye, so with the nose- 
innumerable nerves are distributed over the lining membrane, and these nerves 
are connected with larger nerves passing to the brain, through which 
everything relating to the sense of smell is communicated. 

The nose acts like a custom-house officer to the system. It is highly sensitive 
to the odour of most poisonous substances. It readily detects hemlock, 
henbane, monk's hood, and the plants containing prussic acid. It recognises 
the foBted smell of drains, and warns us not to breathe the polluted air. The 
nose is so sensitive, that air containing a 200,000th part of bromine vapour will 
instantly be detected by it. It will recognise the 1,300,000th part of a grain of 
otto of roses, or the 13,000,000th part of a grain of musk 1 It tells us in the 
mornings that our bed-rooms are impure ; it catches the first fragrance of the 
morning air, and conveys to us the invitation of the flowers to go forth into the 
fields, and inhale their sweet breath. To be "led by the nose," has hitherto been 
used as a phrase of reproach. But to have a good nose, and to follow its 
guidance, is one of the safest and shortest ways to the enjoyment of health. 

The mouth answers the fourfold purpose of the organ of taste, of sound, of 
mastication, and of breathing. In all of these operations, except in breathing, 
the various parts of the mouth are engaged. In eating we use the lips, the 
tongue, and the teeth. The teeth serve the purpose of grinding the food, the 
tongue turns it during the process of grinding, and delivers it up to the throat 
for the purposes of the stomach, when sufficiently masticated. The lips serve to 
confine the food in the mouth, and assist in swallowing it, and there are glands 
underneath the tongue, and in the sides of the mouth, which pour in a fluid to 
moisten the food. And so watchful are those glands of their duty, that the mere 
Imagination frequently causes them to act. Their fluid is required to modify 
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"I say uuto you, Swear not at all; neither by heaven, for it is God's throne; 
Nor by the earth; for it is his footstool."— Matthew y. 



the intensity of different flavours and condiments in which man, with his love of 
eating, will indulge. Thus, when we eat anything very acid, as a lemon, or any- 
thing very irritating, as Cayenne pepper, the effect thereof upon the sensitive 
nerves of the tongue is greatly modified by a free flow of saliva into the mouth. 
And if we merely fancy the taste of any such things, those glands are so watch- 
ful, that they will immediately pour out their fluid to mitigate the supposed 
effect. 

In speaking, we use the lips, the teeth, the tongue ; and the chest supplies 
air, which, being controlled in its emission, by a delicate apparatus at the 
mouth of the wind-pipe, causes the various sounds which we have arranged into 
speech, and by which, under certain laws, we are enabled to understand each 
other's wants, participate in each other's emotions, express our loves, our hopes, 
our fears, and glean those facts, the accumulation of which constitutes know- 
ledge, enhances the happiness of man, and elevates him, in its ultimate results 
above the lower creatures to which the blessing of speech is denied. 

The curious structure of the tongue, and the organs of speech, would fill a 
very interesting volume. The tongue is unfortunately much abused, not only 
by those who utter foul words, and convert the blessing of speech, which 
should improve and refine, into a source of wicked and profane language ; but it 
constantly remonstrates against the abuse of food, and the use of things which 
are not only unnecessary for the good of our bodies, but prejudicial to their 
health. When the body is sufficiently fed, the tongue ceases its relish, and 
derives no more satisfaction from eating : but man contrives a variety of inven- 
tions to whip the tongue up to an unnatural performance of its duty, and thus 
we not only over-eat, but eat things that have no more business in our stomachs, 
than have the stones that we walk upon. Can we wonder, then, that disease is 
so prevalent, and that death calls for many of us so soon. 

That wonderful essence, the Soul of man, rises above all finite knowledge. 
Its wonders and powers will never, probably, be understood until when, in a 
future state of existence, the grandest of all mysteries shall be explained* 
When we talk of the brain, we speak of that which it is easy to comprehend as 
the organ, or the seat of the mind ; when we speak of the mind, we have 
greater difficulty in comprehending the meaning of the term we employ; but 
when we speak of the Soul, we have reached a point which defies our under- 
standing, because our knowledge is limited. The brain may be injured by a 
blow ; the miud may be pained by a disagreeable sight, or offended by a harsh 
word; but the Soul can only be influenced secondarily through the mind, 
which is primarily affected by the organs of the material senses. Thus the hap- 
piness or the misery of .the Soul depends to a very great extent upon the proper 
fulfilment of the duties of the senses, which are the servants of the Soul, over 
which the mind presides, as the steward who mediates between the employer 
and the employed. 

The Ear, which is taught to delight in sweet sounds, and in pure language, 
Is a better servant of the master Soul, than one which delights not in music, 
and which listens, with approbation or indifference, to the oaths of the profane. 
The Eye which rejoices in the beauties of nature, and in scenes of domestic 
happiness and love, is a more faithful servant than one that delights in wit- 
nessing scenes of revelry, dissipation, and strife. The Nose which esteems the 
sweet odour of flowers, or the life-giving freshness of the pure air, is more 
dutiful to his master than one that rejects not the polluted atmosphere of 
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v Out of lh»iM^TnwlliywqMdalib%ii«rfii|i'»d'cqiriiig. . My brethren, these 
* tfcfcajs ought aofcaoto Iml"-^ambb in. 



iMjgliHiiiin dwSlistji ffl»1l<mth'«i*Wi ttrinte rterrmortM rgwtttertkm of 
taste, to —wwoithi— than one which 1b eonGbtatedjerith *&eteeome- viands, 
and-ruled by the'preper uartteots of its jduty. »JWfeorthat ean jatditiatead. the 
w<Htterful structure of the tongue, /arid .tin rcoaasheafre&nwnhnsaini ef .the 
urg— in <5f speeeh aadtf hearing, ootid 'be dbund 4a take pleasure inr tin utter- 
ance of oaths, and of (words Of i«dgar meaning? Were, those. beanaYaLooatis 
that like threads of silk are woven into the muscular texture of the mouth,' and 
t l opg w lri eht b o «Mwe of iife**a»els>wiGfa the < pn*mn tit thought, to do the 
Mddteg^f- the wil l ■ were theyjgiven: torco'highePJOBethaxLto.siii- against the 
fkft *who«gave them,' and upon - wheeerwray : choir existence : evety rmament 

WBpCSXUat 

ZBaeactieosotthe^enseamuet necessarily affect the mind, which is the head 
aiinmil of the Soul ;,8Julthe-Soul becomes rich in goodness, <or poor in sin, in 
proportion aa the •tewardahjp, held by his. many- servants, is rightly or wrong - 
fuUy fulfilled. As in an establishment where the servants are not properly 
directed and ruled/they often gain the ascendancy, and the master has -no power 
over them, so with man, When he gives himself up to sensual indulgences. The 
Soul becomes the slave of the senses— the master is controlled by the servants. 

•'Wfth'regaTdtothe-mechaiiism'Of metion/let-as 'take "the ease df B,m*n who 
trwalkinu; a-crowded thoroughfare, and we shall see : fcew-'aetive*uape all the 
-s e r vants O f the^Soul, under the infiuenee df the- ndnd. "He-waHts<along in a 
$tven ; dhrection. 'But for the act Of volition in the mind, not a musoie would 
attr. The eye-is-watcHngW footsteps. There » a>atoae. in- Us path, the eye 
*in 4 fbnns"the ndnd, thcmirtd "Communicates ^Kth tbe''brain,'and'tihe nuives 
Trttmnlate'the • mus o i e s - of 'the leg to lift the foot -a little 'higher, or turn it 
on one side, and the< stone is-avoMed. The -eye flights on a fsmiHar'fcee, 
•aatiufche mind seaa an t baas - thatUhe^ aye jhaaeean Jthot Jsoe t be t ase. iTheoman 
^eaawi-thiiaaag^^Ulfee.eiraaiastiBioe nnderivh^ he saw that person, and. 

BillMsJj >fotgets'ha Ik, — J the amotion of this -stops. .Battbenenwanf 

muttiswi andtasotioB«nntt»ito .keep the muessss up tasheir>*vo*k,;aad he walks 
yor*wflfccufr having 1 ooeaeion to thiBkeontinually, M I moat continue wsakias;." 
me ha»m*t4amakeaae#ort toJiffehis kg aloaytbetwaananAinteraaAofaaaii- 
-1ittan:'a«waliuiaaxlin»dlsateftthe'whtie. ;Bira*uy« daagerapaaoacheshnn 
nfrerifeellind. JIhej^ye<iaeBitnot^mawaiio^aaat^tgiset; thanttifr were dead 
iSttMheaHPauuriiB tlnsdanuaeUa the man, by thenamitoiingef awheeJUand the 
taaaiiji flrhnnnT 1rV -"~ A hats in J — gar and then the; nerves, ipaatingftorah 
theirwtatost stree*^' warp: the* anusel»*up to -the quiefcipersbrneenceof their 
**ttty ; Sh it wis ste p s ii ufr-omhe>way^f danger, and is sawe d Hedsawaaaarso 
•a' sewer/ W«feh4»^rerttttog*»rth dt»^i*oe»as eahatattoas. £Ehe.<eye^issjain 
uaeaawleus U ssiiuot eeethe'pbieon hrridng-in theair. •The ear, too, -is 
helpless ; it cannot bear witness to the presence of that enemy tottise. -Bat the 
i» tbernoaiona'agamVand .than the eye-potass out the direction of 
^aartaTrirtoanaatsetstepato* path wfaereheaaay >esa a pe> tha in|«sio M 8 
. Aaleak strikes, thenar mfavm&him that it is the howvo*<an 
.the menus atsoHfelate^ihe jsnnselss ragpam,. iaad.be is .hastened 
j taj nsrd . fHa^oaaMot^owttefiaaidBnasirfads MaadVbufohis tongue*asks4br 
jjji atnud hlaoar/iBattjs knora the iiepjy. 'fiertanohes .thetapot aits testn, 
•flBhaaataxk attheanasakaisatayed ;.Bhan*sves>are israrftiawrthuetafereBt. 
Jtfoed which hadiflotm iteefcritoiistd than 



Digitized by CjOOQ IC 



*»* mmr nt. 



' I am. but a little child.; Lknaw not,honr torgp,ou& or.cpma iav"— x Kixcta? ux. 



goes- more steadily through the arteries and veins, and* the, lungs, wJttoir Had 
been purifying the. blood in its course, partake of the temporary rest* 

iMrirusawmeeBbev that them an* biro aetsjof* g aw a to a y , aetin* iii< unison* with 
eaon other;, to pnsduaa-the variena motion*?: they; aw known* bfftto;gtJMMl 
tena»af jfareOTataife&totMi*? the flfetAnaWfrus taihend theriimbev,tfaro*her 
to toinffthe lfapha=backito \hmrrtarroarpmMt>^ Thfrflanwrn mwbkt into Qtom 
the hand; thvextenom to open at againi Thee fleswa eoflbte-usntoiwnsejtfentfeet 
from* turnaround 5 the- entansom setrttefbot dewnt ageia int the; Bfeoe deaired. 
0<3Miderflwr* map am fctbfcmceJy-wtth, wJunhttb* firriwmifthammiisjirn.injiit 
WheianoesU aai the harmony which nraan subsist, besveeo: them, in tbeir 
various operatianfc. When/weare esoaing: theehand^iftthe: mtewnrrmnOTlitii did 
net gradually yield to the flexavs— if they gave up their hold ail at once, the 
hand, instead of closing with gentleness and ease, would he jerked' together in 
a sudden and most uncomfortable manner. If; in such .a case, . you were- to- lay 
your hand with its hack upon the table, and wish, to close the hand; the flhgera 
would fall down upon, the palm suddenly, like the M 4 of a box. Again; consider 
how awkward it would be ih such akcase ; our walk through, the streets wouM 
beeome aperies, of jumps and* jerks ; when a man had" raised* his foot; after Mrad 
been. jerked up,. there, it, would stand fixed for a second before the opposite 
Tmianlflft could, put on their power to draw it down again. This ease- is not- at 
all suppositious-: there is a, derangement frequently* observed in horses, fti 
which one set of muscles becomes injured; and we. may see horses suffering 
from this ailment, trotting, along with one of their legs jerking* up much 
higher than the others, and sef down again with difficulty, just hr the manner 
described. 

It is al&o to be observed that very moe propertfens mus* exist? between the 
sizes of the muscles and the sizes of the-boneSi If tflie were- no* t&e> eaaei our 
motions, instead of 'being- firm and steady; wuldbe aft snaky- aabY uaoe rt ain. 
In old persons the muscles bo c oi ne«w c nk and-relteed'; heare tft ei ^ iea toadfcaoj 
ffittha>maweniettte effete agedto>f*U M aarit w«ret together the. head i&noilonger 
eneefe, tbebedy bends* the knees totteu, and the anui*J<^ towani&.tbe body; as 
n*?snpporfiv 

In the child a somewhat similar- seats* of things? entases. Thnj mniliin nmw> 
not been: pvoperiff developed, no* have: they been, brought! sufficiently, under 
the eontnealof thonenreus system* The obild^tijBejafox^, totters An^tuinbJflp 
atoun, andiftianot urcttit it ha* stumbled and tumbled some hundreds of tames 
iiLithttbtli. history, that, the- museles have heeeme- strong, enough., to .fulfil their 
omaet op haw been/ brought sufficiency under the. eontroui ot the nervous 
ajanunttapestfnuniwell thftvanenfro^ienisauifteA^ 

In all' khese things, w»reeogodee ntopenfeetsbn of the,dbrtaec wqeke. Vtojim 
apt,- to© an*, to overtook tld» perfection, because** preian^ Jteevnr^fcttj^ b*t 
by speeuintihr upa» what moonyenisneea wa nuans sxfflN* Maine* thine* 
•rdhitaeeY a» snag? arm we obtakt nvafc oenauurihavejnoniioes .ot dfafrfcaw><Uie*p 
andwJsefexni 

HaynnjtniteffiaHVriewM>r^ ne 

tuxnourajtentibn'tolilinmuecle^^ HwmueoiM oTwhieii 

we have been speaking-am oaflted tfte-veluirtary muscfe* because* *• bjnuv tnesn 
under our own ctmtrou^-ffliey are aobjbet to- tile mfttwneea off on* will. But 
there is the other set efmusdesv What are they P Wtafck ef 1n»b e n K ti » tjrti 
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" Watchman* what of the night? The watchman said, The morning cometh, 
and also the night : if ye will enquire, enquire ye ; return, come."— Isaiah xxi. 

the palpitation, of the heart But, what is it that causes the heart to beat ? You 
cannot, if you wish it, make your heart beat more quickly or more slowly. Place 
your finger upon your pulse, and notice the degree of rapidity with which its 
pulsations follow. Now think that you should like to double the frequency of 
those pulsations. Say to the heart, with your inner voice, that you wish it to 
beat ISO times in a minute, instead of 60. It does not obey you ; it does not 
appreciate your command. Now place your finger on the table, and ycur watch 
by the side of your hand, and tell your finger to beat 60 times in the minute, or 
100 times, or 160 times, or 800 times, and the finger will obey you— because it is 
moved by muscles tohioh are subject to the will, while the heart is composed of 
muscles which are not subject to the will. Why should this be? Why should 
man hare the power to regulate his finger, and not to regulate his heart? 

For the sustentation of our bodies it is needful that the blood should ever be 
in circulation. If the heart were to cease beating only for three or four minutes 
(perhaps less) life would be extinct. In this short time the whole framework of 
man, beautiful in its proportions, perfect in its parts, would pass into the state 
of dead matter, and would simply wait the decay that follows death. The eye 
would become dull and glazed, the lips would turn blue, the skin would acquire 
the coldness of clay— love, hope, joy, would all cease. The sweetest, the fondest 
ties would be broken. Flowers might bloom, and yield their fragrance, but they 
would be neither seen nor smelt ; the sun might rise in its brightest splendour, 
yet the eye would not be sensitive to its rays ; the rosy-cheeked child might 
climb the paternal knee; but there, stiff, cold, without joy, or pain, or emotion 
of any kind, unconscious as a block of marble, would sit the man whose heart 
for a few moments had ceased to beat. 

How wise, then, and how good of God, that he has not placed this vital organ 
under our own care I How sudden would be our bereavements— how frequent 
our deaths, how sleepless our nights, and how anxious our days, if we had to 
keep our own hearts at work, and death the penalty of neglect. 

And yet, before we were born, until we reach life's latest moment — 
through days of toil, and nights of rest— even in the moments of our deepest sin 
against the God who at the time is sustaining us, our hearts beat on, never 
stopping, never wearying, never asking rest. 

This brings us to another reflection. Our arms get weary, our legs falter 
from fatigue, the mind itself becomes overtaxed, and all our senses fall to sleep. 
The eye sees not, the ear is deaf to sound, the sentinels that surround the 
body, the nerves of touch, are all asleep— you may place your hand upon the 
brow of the sleeping man, and he feels it not. Yet, unseen, unheard, without 
perceptible motion, or the slightest jar to mar the rest of the sleeper, the heart 
beats on, and on, and on. As his sleep deepens, the heart slackens its speed, 
that his rest may be the more sound. He has slept for eight hours, and the 
time approaches for his awakening. But is the heart weary— that heart which 
has toiled through the long and sluggard night ? No I The moment the waking 
sleeper moves his arm, the heart is aware that a motion has been made, that 
effort and exercise are about to begin. The nerves are all arousing to action ; 
the eyes turn in their sockets, the head moves upon the neck; the sleeper leaves 
his couch, and the legs are once more called upon to bear the weight of the 
body. Blood is the food of the eye, the food of the ear, of the foot, the hand, 
■and every member of the frame. While they labour they must be fed— that is 
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" Awake up, my glory ; awake, psaltery and harp : I myself will awake early."— 
Psalm lyil 

the condition of their life, the source of their strength. The heart, therefore, 
so far from seeking rest, is all fresh and vigorous for the labours of the day, and 
proceeds to discharge its duty so willingly, that we do not even know of the 
movements that are going on within us. 

Thus we have seen the difference between the voluntary and the involuntary 
muscles, and we have perceived the goodness of our Creator in not entrusting 
to our keeping the oontroul of an organ so vital to life, as the heart. 

But the heart is not the only organ which thus works unseen and unfelt. 
There are the lungs and the musoles of the chest, the stomaoh, and other parts 
occupying the Abdomen, together with all those muscular filaments which enter 
into the structure of the coats and valves of the blood-vessels, and which assist 
to propel the blood through the system. All these are at work at every moment 
of man's life ; and yet, so perfect is this complicated machinery, that we really 
do not know, except by theory, what is going on within us. 

During the time that the sleeper has been at rest, the stomach has been at 
work digesting the food which was last eaten. Then the stomach has passed the 
macerated food into the alimentary canal, the liver has poured out its secretion, 
and produced certain changes in the condition of the dissolved food: and the 
lacteals, of which there may be many thousands, perhaps millions, have been 
busy sucking up those portions of the food which they knew to be useful to the 
system, whilst they have rejected all those useless and noxious matters upon 
which the liver, like an officer of health, had set his mark, as unfitting for the 
publio use. This busy life has gone on uninterruptedly ; every member of that 
body, every worker in that wonderful factory, has been unremitting in his duty, 
and yet the owner, the master, has been asleep, and wakes up finding every 
bodily want supplied ! 

Notwithstanding that much has already been said of the wonders that 
pertain to the eye, it has not yet been considered as the seat of Uar$, those 
mute but eloquent utterers of the sorrows of the heart. Beautiful Tear! 
whether lingering upon the brink of the eyelid, or darting down the furrows of 
the care-worn cheek— thou art sublime in thy simplicity— great, because of thy 
modesty— strong, from thy very weakness. Offspring of sorrow ! who will not 
own thy claim to sympathy ? who can resist thy eloquence? who can deny 
mercy when thou pleadest ? 

Every tear represents some in-dwelling sorrow preying upon the mind and 
destroying its peace. The tear comes forth to declare the inward struggle, and 
to plead a truce against further strife. How meet that the eye should be the 
seat of tears— where they cannot occur unobserved, but, blending with the 
beauty of the eye itself, must command attention and sympathy I 

"Whenever we behold a tear, let our kindliest sympathies awake— let it have a 
sacred claim upon all that we can do to succour and comfort under affliction. 
What rivers of tears have flown, excited by the cruel and perverse ways of man ! 
War has spread its carnage and desolation, and the eyes of widows and orphans 
have been suffused with tears! Intemperance has blighted the homes of 
millions, and weeping and wailing have been incessant ! A thousand other evils 
'which we may conquer have given birth to tears enough to constitute a flood— 
a great tide of grief. Suppose we prize this little philosophy, and each one 
determine never to excite a tear in another. Watching the eye as the telegraph. 
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"Who-is-asthe win man? and who knoweth the interpretation of a thing V a 

man's wisdom maketh his face .to shine, and the boldness df his face shall 

be changed.*'— Ecclbsiastbb yiii. 

.or the mind within, "let us dbserve tt 'with anxious regard ; wrd^whetherwe are 
moved to complaint by the existence of supposed or Teal wrongs, let tfce 
indication of the coming tear be "held as^uacred truce to urffcinflfy feeling, and 
our efforts be devoted to the substitution of smiles for team! 

'TFhere is only one other matterto which we thtift it necessary toTOlude.Mfcre 
we pass to the concluding section df our work. It-faas'been<saftL («B&), ttnto*aow 
which is white, keeps the earth warm ; -that white as n colour 4s mol, and 'that 
Mart aaaovbs'*0s&(9ao). Gassse mm li ons 3nay4q?yearto'be eeatvadiotcr*, and, 
4akenii»iM>UBaatio&iwttt& the feet :of the Ma okn oso of itbeakin'Of (negroes in Jiet 
eHinatifB l >iiByavtqt4isrt#hnarotbe eoraifored^nsatisfaetery. (Blity»ine,Jiawever, 
rpertao^riceMlleabto^and'thatAeo, without the slightest evasien-af the real 
%aailiiB df the asserted facts. White show is warm on aeeomttiofitetartvnwvhioh, 
being woolly, fe*cn*8>iayer ofiiioa^cepdudtiiaggubataiico over the surface oi the 
earth, and keeps in itowtmmth ; (white olofthing/woro as a*garment consisting af 
a. thin material, is cool, because the white colour turns back the rays of the sun 
that fall upon* it. Swansdown, although white, being a non-conductor, would be 
warm, because, though it would reflect the light and heat, it wouM confine and 
accumulate the.heat ofthebody. The black skin of the negro is &Uving texture, 
and is not subject to the same laws that govern dead matter. The skin df the 
negro iaiargely provided with cells which secrete a frtty matter that acts as a 
non-conductor of the external heat, and also a much larger number df perspira- 
tory glands than exist in the skins of Europeans. The perspiration cools 'the 
bleed, and- carries off the -internal "heat, while the oily matter gives a shilling 
surface to the skin, and reflects .the heat, to which the fatty matter presents 
itself as anon -conductor. "We see/therefore, ihat there are two express provi- 
sions for the cooling of the negroes' skin, independent df the colour. Thef Sknrdf 
the Esquimaux who inhabits a cold country is white, though it might besupposed 
that a black skm would 'best conduce >to *he warntbtff his body. -But ithe 
Osejaimam %as, 'underneath his -skin, a thtak eoatimg offrt, >ny tshidh'tke 
internal fceetedf the'bedy is<pYeveifted from escaping. 

/This resume- of the subjects embodied in the form df questiou BnuTDiswer in 
the previous pages, will serve to impress the more important truths upon the 
mind of the reader, while it has enabled us to fill up many omissions i 
tatsd by the arbitrary form df catechetical composition. 
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eaAJMBA Lux.. 

1029. JFAy ar<? tffore *o #w«y bodily forms m the animal 
creation ? 

Because the various creatures which God haa created' have 
different modes of life, and the forms of their bodies will be found' 
tevpresenfco^wywfraiii&p^ them** 

Because, also, the beauty of creation, depmdatnqpm-timvariety'qf 
ofyeetstqfiwMeh ft. consists. And. the greatness of the Creator's 
paver is*shewa b#thwJHnwsityof ende»4Koamfflished by. (UJfisrmL 
means. 

103& Why, are bird*, covered, with feather* ? 

Because they, rtouina a,high« degree iof warmth, on account of the 
activity of their muscles.; but in. providing, that, warmth it was 
necessary that their coats should be aLih&.ligfttest material', so as 
not to impair their powers of flight ; and feathers combine the 
Jughest warming pernor;. with the. least amount ^weight, 

1031. Why have ostriches small wings F 

Because, .having long legs, they do not' require- their wings for 
flight ; they are merely used to steady their Bodies wMlb running. 

1032. Why are ostrich feathers soft and downy ? 

Because, as the feathers are not employed for flight; the strength 
of the feather as constructed for jtyvng is unnecessary, and* the 
ffeathcrc therefore consist ohiefly of-a softrdawm. 

1033. Why have water-birds feathemr of a. chset and 
smooth texfure ? 

Because such feathers keep the body of the bird warm and dry, 
by repelling the water from their surface. A' bird 1 couM' scarcely 
move through the. water, with the downy feathers of the* ostrich} 
beoausaof the.anumnt of water the, down, would*absarh. 

1034. Why is man lorn without a covering ? 

Because man is* t%» onty animab tkatromu eiatks itaelfi, Am in 
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M Who teaoheth us more than the beasts of the earth, and maketh us wiser than 
the fowls of heaven P"— Job xxxv. 

the various pursuits of life he wanders to every part of the globe, 
he can adapt himself to all climates and to any season. 

1035. Why do the furs of animals become thicker in the 
winter than in the simmer ? 

Because the creator has thus provided for the preservation of 
the warmth of the animals during the cold months of winter. 

1036. Why does a black down grow wider the feathers of 
birds as winter approaches ? 

Because the down is a non-conductor of heat, and black the 
warmest colour. It is therefore best adapted to keep in their 
bodily warmth during the cold of winter. 

1037. Why has man no external appendage to Ms mouth ? 

Because his hands serve all the purposes of gathering food, and 
conveying it to the mouth. Man's mouth is simply an opening; 
in other animals it is & projection. 

1038. Why have dogs, and other carnivorous animals, long 
pointed teeth, projecting above the rest ? 

Because as they have not hands to seize and controul their food, 
the projecting teeth enable them to snap and hold the objects 
which they pursue for food. 

1039. Why is the under jaw of the hog, shorter and 
smaller than the upper one ? 

Because the animal pierces the ground with its long snout, and 
then the small under jaw works freely in the furrow that has been 
opened, in quest of food. 

1040. Why hate birds hard beaks ? 

Because, having no teeth, the beak enables them to seize, hold, 
and divide their food. 

1041. Why are the beaks of birds generally long and 
sharp? 

Because the greater number of birds live by picking up small 
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M As the fishes that are taken in an evil net, and as the birds that are caught in 
the snare ; so are the sons of men snared in an evil time, when it falleth 
suddenly upon them."— Ecclbbiabtbs ix. 



objects, such as worms, insects, seeds, Ac. The sharp beak, 
therefore, serves as a fine pincers, enabling them to take hold of 
their food conveniently. 

1042. Why have snipes and woodcocks long tapering bills ? 
Because they live upon worms which they find in the soft mud of 

streams and marshy places ; their long bills, therefore, enable them 
to dig down into the mud after their prey, 

1043. Why have woodcocks, snipes, Sfc, nerves running 
down to the extremities of their bills ? 

Because, as they dig for their prey in the soft sand and mud, 
they cannot see the worms upon which they live. Nerves are, 
therefore, distributed to the very point of their bills (where, in other 
birds, nerves are entirely absent) to enable them to prehend their 
food. 



Pig. 67.— SPOONBILL. 

1044. Why have ducks and geese square-pointed bills ? 

Because they not only feed by dabbling in soft and muddy soil, 
but they consume a considerable quantity of green food, and their 
square bills enable them to crop off the blades of grass. 
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'"Eetftfie heaven and' earth praise him, the seas; and 1 everything that moveth 
therein."— PfcAiar ixrx. 



1045. Why-has the speon^bill a long expanded bill, fatal 
internally with sharp wuteula r pomUZ 

Because the bird lives by suction, dipping its- Broad BilTm searcfr 
of acquatio worms, mollusksv insects and the roots, of weed* The 
bill form* a natural spoon, and the muscular points enable the 
bird to filter the mud\ and.' to retain tne nourishment which ii finds, 

1046. Why has the spovn-biffi fong Peg*? 

Became ii wmdes m ma+sky places- to find* its* foodl Hv legs 
are therefore long, for the purpose- of keeping its body cut. of the 
water, and above the smallei acquatic plants, while it searches for 
its prey. 

I04K Why hove thvporrotr f $t., crttoHert amFfar&Mfor 

Because they live upon nuts, the stones of fruit, and hard seeds* 
The shape of the bill, therefore, enables them to hold the nut or 
seed firmly, and the sharp point enables' them to split or remove 
the husks. 

1048. Why caw a parrot move its? tipper as well as its 
lower bill? 

Because by that mean* & is? efiablsd tb bring the nut or seed 
nearer the fulcrum} e*r jpnd&a£tte*r jaw. It, therefore, acquires 
greater power, jtwfr as* witt* m flair of nut-crackers we obtain 
increased power by settifag/ifo mat' near tb Hie joint, 

1049. Why haw auimafowvih long necks large throats ? 
Animnla that graaev- or feed'ftotttt the ground, generally have a 

more powerful muecuiapfoHnationt aC the timoa^ than those which 
feed in other positions, because ar greater effort is- required to force 
the food upward, that would be needed to convey it down. 

1050. Why are the bones of birds hollow? 

Because they are thereby rendered lighter, and do not interfere 
with the flight of the bbtf as they would' do if they were soMd. 
efegattffstrengtn iralso oMwmed by ttw cyUndfr4cai'foimef the 
Sons, antf alarger surface afforded fbrthe attachment of pomerflrt 
muscles. 
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"And nor band bath found, as a peat. .the riches of jbhe people;. and as Que 

feafeereth agp rtbatare .toft haw I gathered all the «atth ; *nd .tfwre was none 

that moved the wing, or craned tbetmauth, ,or peeped."— Isaiah x. 

I05L JFZy tfo #2/ Mr& fay «gy*/ 

Because, to bear their young in any otter manner, would 
mcwuber the body, and materially interfere -with their powers of 
flight 

Jta moo *s *n egg becomes large «and heavy {enough J*> he 
cumbersome to the bird, it is removed from the bpty. A shell 
impervious to air, protects the germ of life within, until from two to 
twenty eggs have accumulated, and 'then, altheagh laid&t different 
intervals, their incubation .commences together, and the young 
hisds are hatched at the same ;iime. 



CHAPTER LIII. 

1052. 'Why have fords tvifh long legs ihort tails t 

Because the tails of birds are used to guide ihem /through l the 
air, 1>y a hind of steerage. When Inrds with long 4egs take 4o 
"flight, they throw their legs behind, and theyHjhen -serve the same 
purpose as a tail. 



Fig. 88.— p.B«cn. 
1053. Why have fishes fins? 

The fins of fishes are to them, what wings and tails are to Tfirds, 
enabling them to rise in the fluid in which they /live bythefwod&'on 
if-lke motions of the fins upon its substance. 
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** Speak to the earta, and it shall teach thee ; and the fishes of the sea shall 

declare unto thee. Who knoweth not in all these that the hand of the Lord hath 

wrought this."— Job xn. 

1054. Why are the fins of fishes proportionately so much 
smaller than the wings of birds? 

Because there is less difference between the specific gravity of 
the body of a fish, and the water in which it moves, than between 
the body of a bird, and the air on which it flies. The fish, therefore 
does not require such an expanded surface to elevate or guide it, 

1055. Why have fishes scales? 

Because scales, while they afford protection to the bodies of fish, 
are conveniently adapted to their motions ; and as the scales present 
. no surface to obstruct their passage through the water, as hair or 
feathers would do, they evidently form the best covering for the 
acquatic animal. 

1056. Why do fishes float in streams (when they are not 
swimming) with their heads towards the stream ? 

Because they breathe by the transmission of water over the 
surface of their gills, the water entering at the mouth, and passing 
over the gills behind. When, therefore, they lie motionless with 
their heads to the stream, they are in that position which naturally 
assists their breathing process. 

1057. Why have fishes air-bladders ? 

Because, as the density of water varies greatly at different depths, 
the enlargement or contraction of the bladder regulates the relation 
of the specific gravity of the body of the fish to that of the water 
in which it moves. 

1058. Why have whales a very large development of oily 
matter about their heads ? 

Because their heads are thereby rendered the lighter part of their 
bodies, and a very slight exertion on the part of the animal will 
bring its head to the surface to breathe air, which it constantly 
requires. 

1059. Why have birds that swim upon water web-feet ? 

Because the spreading out of the toes of the bird brings the 
membrane between the toes into the form of a fin, or water -wing, 
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M And Jesus saith unto him, The foxes have holes, and the birds of the sir hare 
nests ; but the son of man hath not where to lay his head."— Matthew xiii. 



by striking which against the water, the bird propels itself 
along. 

1060. Why have birds that swim and dive short legs T 
Because long legs would greatly impede their motions in the 
water, by becoming repeatedly entangled in the weeds, and by 
striking against the bottom. Waders, however, require long legs 
because they have to move about through the tall vegetation of 
marshy borders. 



Kg. fl9.— 8TILT-PLOVEB ASD DUCK. 

1061. Why have the feet of the heron, cormorant, Sfc, deep 
rough notches upon their under surface ? 

Because, as those birds live by catching fish, they are enabled by 
the notches in their feet, to hold the slippery creatures upon which 
they feed. 

1062. Why have otters, seals, tifc, web-feet ? 

Because, while the feet enable them to walk upon the land, they 
are equally effective in their action upon the water, and hence they 
are adapted to the amphibious nature of the animals to which they 
belong. 

1063. Why do the external ears of animals of prey, such 
as cats, tigers, foxes, wolves^ hyenas, Sfc, bend forward ? 

Because they collect the sounds that occur in the direction of the 

i2 
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■ -Xtoth-tbe.luwrkiLy ;ty thy WMd£»MKid sketch har viags *amfld-*tea«iMiL* 
M Dolk.theafflejnawit/ap4Ht tfay.wiwmnrt, mcLmake her jamt /avhigfc? 

pursuit, and ouiie the animal 4* tmek *ts prey with greater 
certainty. 

1064. Why do the ears of animals of flight, *ucn at hires, 
rabbits, dew., Sft., turn backward f 

Because they thereby catch the sounds that give them warning 
of the approach of danger. 

1065. Why has the stomach of the camel <a lumber of 
distinct bags, like so many separate stomachs ? 

Because water is stored up in the separate chambers of the 
stomach, apart from the solid aliment, so that the animal can feed, 
without consuming all fits drink. It is thereby able to retain 
water to satisfy Us tfhfaet wMle towelling across hot deserts, 
where no water could he obtained. 

1066. Why do woodpeckers M tap" tat old trees ? 

Because by boring through t&e &BOgBd wood, with the sharp 
and hard bills with which they jaro^r*rad»d, they get. at the haunts 
of the insects upon which'they feed. 

1067. Why are woodpeckers* tongues about three times 
longer than their bills ? * 

Because, if their bills werelong, tiiey would'not bore the trees so 
afficiently ; and when the trees -ate bored, .and the insects atanaed, 
they endeavour to retreat into the hollows of the mooH ; but &e 
long thin tongue of the woodpecker fixes them on its sharp horny 
point, and draws them into the mouth. of the bird. 

1068. Why have the Indian hogs ^large horns growing 
from their nostrils and turning ^back towards their vyesf 

Because the horns serve as a defence to the eyes '#fcile ; the 
animal forces its- way through the -thick underwood in #hichit 
fees. 

1069. Why have calves and lambs, .and the young of 
horned, cattle generally,. no horns while they are young ? 

Because the presence .tf horns would interfere with tihe suckUng 
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" She dflrelleth and abideth on the rock, upon the crag of the rock, and the 

strong place. . 
« From thence she seeketh the prey, and her eyes behold afar off. Her young 
ones also suck up blood: and where the slain are, there is she."— Job xxxix. 

of the young animal. When, however, it is able to feed c itself By; 
browsing, then ike horns "Begin to grow. 

l'07Gi Why ham infant* no teeth?. 

Beoause.the presence of teeth, would interfere with their.suckling, 
white the teetb wowld be: of no service, until the child* could take. 
Joq& requiring, mastication. 

WTV. Why* oammt flesh^eatmf* amatol* line, upm* vege- 
table*?: 

Because the gtatrie juice of a flesh-eating animal, bemgtadaptesk 
tftthadutjc which, it has to perform,, toiZJ. not dissolve wegetabfe 
matter. - 

1072.- Why Jiaue birds gizzards ? % 

Because, having no' teeth, the tough and' tibrous gnaands.* taut 
employed to grind the food preparatory to digestion. 

1073. Why or e.&rmUi particles of sand, stone, Sfe:, found 
in the gizzard* qfTtwdkl? 

Because^ by tforg— ■ m ijITHIum «Bgfcn«ticles, which become 
embedded ira the agftittww offiggiw^ii; rood of . the bird is 
more effectively gronnHL 

When our fowls are abuadaatfr mj^fiiliMlill» i iiurt^ ttojrHa<ng.flIl their craw, 
but it does not immediately upmlfmimi mi0»1&bmguam£$rti* attway enters in 
small quantities, inpronortio»ttotltemTJipe 



in a mill, a reoebret is. flkod «Msy«tlfaHaiff>l*saj» rit— lallliilii mam flbm gi fading 
the com, T wafateOTCitoro; attfaomjfe tfe* ooroMe? mrtt iiilfci itt By Bwttete, allows 
the grain titodttHilfeonlx in smMl)<ganattagi«to»ltt^ n—Hrti IMhiifit the-opper 
mill^rton w. J B M U fr . 



1074'. Wfyhas the mole hard and Jta#Jfa; f amwd.with 
sharp nails £ 

Because the animal is, thereby, enabled to burrow in the earth, in 
search for. worms. Its feet are so many shovels. 

W7&, Whys is, the. molds for exceedingly glossy and 

SfrnbvJm? 

Because its smoothness enables it to woik under gxnwi&mtJuad 
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" I know all the fowls of the mountains, and the wild beasts are mine."— 
Pbalm l. 



the soil sticking to its coat, by which its progress would be impeded. 
From soils of all kinds, the little worker emerges shining and clean. 
What I have always most admired in the mole is its eyes. This animal 
occasionally visiting the surface, and wanting, for its safety and direction, to be 
informed when it does so, or when it approaches it, a perception of light was 
necessary. I do not know that the clearness of sight depends at all upon the 
size of the organ. What is gained by the largeness or prominence of the globe 
of the eye, is width in the field of vision. Such a capacity would be of no use to 
an animal which was to seek its food in the dark. The mole did not want to 
look about it ; nor would a large advanced eye have been easily defended from 
the annoyance to which the life of the animal must constantly expose it. How 
indeed was the mole, working its way under ground, to guard its eyes at all? 
In order to meet this difficulty, the eyes are made scarcely larger than the head 
of a corking-pin ; and these minute globules are sunk so deeply in the skull, and 
lie so sheltered within the velvet of its covering, as that any contraction of what 
may be called the eye-brows, not only closes up the apertures which lead to the 
eyes, but presents a cushion, as it were, to any sharp or protruding substance 
which might push against them. This aperture, even in its ordinary state, is 
like a pin-hole in a piece of velvet, scarcely pervious to loose particles of earth. 
— Paley. 



Pig. 70 .— KLEPHAFTS DBHTKnTO. 

1076. Why "has the elephant a short unbending neck t 
Because the elephant's head is so heavy, that it could not have 

been supported at the end of a long neck (or lever), without a 

provision of immense muscular power. 
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"Be not afraid, ye beasts of the field: for the pastures of the wilderness do 

spring, for the tree beareth her fruit, the fig-tree and the vine do yield 

their strength."— Joel ii. 

1077. Why has the elephant a trunk f 

The trunk of an elephant serves as a substitute for a neck, 
enabling the animal to crop the branches of trees, or to raise water 
from the stream. 

1078. Why do the hind legs of elephants bend forward? 
Because the weight of the animal is so great, that when it lay 

down it would rise with great difficulty, if its legs bent outward, 
as do the legs of other animals. Being bent under the body, they 
have a greater power of pushing directly upward, when the 
powerful muscles of the thighs straighten them. 

According to Gorier, the number of muscles, in an elephant's trunk, amounts 
to forty thousand, all of which are under the will, and it is to these that the 
proboscis of this animal owes its flexibility. It can be protruded or contracted 
at pleasure, raised up or turned to either side, coiled round on itself or twined 
around any object. With this instrument the elephant collects the herbage on 
whioh he feeds and puts it into his mouth ; with this he strips the trees of their 
branohes, or grasps his enemy and dashes him to the ground. But this admi- 
rable organ is not only adapted for seizing or holding substances of magnitude ; 
it is also capable of plucking a single leaf, or of picking up a straw from the 
floor. The orifices of the canals of the extremity are encircled by a projecting 
margin, produced anteriorly into a finger-like process endowed with a high 
degree of sensibility and exceedingly flexible. It is at once a finger for grasping 
and a feeler: the division between the two nasal orifices or their elevated sides 
serves as a point against which to press ; and thus it can pick up or hold a small 
coin, a bit of biscuit, or any trifling thing with the greatest ease.— Knight? a 
Animal Kingdom. 

1079. W hy have bats hooked claws in their wings ? 
Because bats are almost destitute of ljgs and feet ; at least those 

organs are included in their wings. If they alight upon the ground, 
they have great difficulty in again taking to the wing, as they 
cannot run or spring to bring their wings in action upon the air. 
At the angle of each wing there is placed, therefore, a bony hook, 
by which the bat attaches itself to the sides of rocks, caves, and 
buildings, laying hold of crevices, joinings, chinks, Ac. • and when 
it takes its flight, it unhooks itself, and its wings are at once free 
to strike the air. 

1080. Why does the bat fly by night ? 

Because it lives chiefly upon moths, which are night-flying 
insects. 
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" So areihe paths cfaU.thatibrget God : and ths hypocrite's hope shall perish : 
Whose hope shall be out off, and whose trust shall be a* spider's 

1081. Why does the bat sleep during the winter ? 

Because^as the winter approaches, the moths and flying insects 
upon which it feeds, disappear. If i: therefore, it did not steep 
through the winter, it must have starved. 

Pig. 71.— HA-C WITH! HOOKS) WOKUf . 

1082'. Why has tfo^dm^the'pomefi-ofspmmitpcat&ahZ! 

Became; as ifclipea upon flies,, hntt'ia. defiewni of the^petmp of 
jfyvhg'ih pursuit' of them, it ha» been endowed" with* anditfAmetrfo 
spread' a snare ta, entrap them, and' witii ttta most wonderful 
machinery to gmthafeinstinei effects 

There are few. things better suited' to remove the di sg u st int o which young 
people are betrayed on the view of some natural objects, than tins of the spider: 
They wiH find that the most despised creature may become a subject of admira- 
tion, and be selected by the naturalist to exhibit the marvellous works of 'the 
creation. The terms given to these insects, lead us to expect interesting par- 
ticulars concerning them, since they have.' been divided into vagrants, hunters, 
swimmers, and water spiders, sedentary, and' mason-spiders $ thus evincing a 
voristy in- their condition, activity, and; mode* of life; and we cannot be* sur- 
prised .to find tham. varying in. (hei performance of their vital Amotions (as, for 
example, in their mode of breathing), as well as in their extremities and instru- 
ments. Of 'these instruments the most striking'is the apparatus for spinnina; 
and weaving by .which thsy unfr only fabricate webs to entangle their preA bus 
form, cells for their residence and concealment; sometimes living in. the 
ground, sometimes under water, yet* breathing the atmosphere. Corresponding 
with tfteirnrery singular ors^misatlon are their instincts? wearofamifiaT'wifH 
ttawutxthfnmessejid-vors^t^ofTBOSBS sniinr ■; when their prey is indicated b/ 
the vibration, of. the cords of. their net-work. Others have the eye and dis- 
position of the lynx or tiger, and after couching in concealment, leap upon 
their victims. Some conceal themselves under a silken hood 7 or -tube, siJr»eyeB 
only projecting. Some bore a hole in the. earth, and line it as. finely as if it 
were done with the trowel and mortar; and then hang it'with delicate curtains. 
A^ver* extraordinary degree of contrivance is. exhibited in the trap-door spider. 
This door, from which it derives its name, has a frame and hinge on the mouth 
of the cell, and is so provided that the claw of the spider can lay hold o#lt; and 
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* The. spider ^taketh hold with bar hands, aad is kukfegte .palaoes."- 
Pbcnvbbbs xxx. 
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whether Ae>wlnNr few out,«ays air. Kirby, the door .abuts of itself. But 
the water«epider heaadamieile move outAdub still: it .is .underwater, with an 
epeniBgrafrthe lower c past »fbr her exit and. entrance; andralvbnuan.tbis.cell.be 
under w*ter,it -contains air like a diving-bell, so that the spider .breathes the 
atmosphere. The air is renewed in the cell in a manner not easily explained. 
The spider comes to the surface ; a bubble of air is attracted to its body; with 
this ahvthe (kwcenin, and gate -under her cell, when she air is cheengaged*and 
rises into the cell ; and thus, though under water, she lives in the air. There 
must be some peculiar property of the surface of this creature by whien she -can 
move in ther water ;snrreuaded<wilm.jm r atmeaptni^ l «nd live under the water 
breathing -the air. 



Fig. 72.— WEB OJ THE GEOMETRICAL SPIDEB, 

The chief instrument by which .the spider performs these wonders is the 
spinning apparatus. The matter from which the threads are spun is'the^Hquid 
contained in cells 'the ducts frem these, cells open .upon ; little ry nsj a o tiqg l teats, 
and the atmosphere has so -immediate an effect upon this liquid, that upon 
exposure to it the secretion becomes a tough aud strong thread. Twenty-four 
OT these fine strands form together a thread of the thickness of that Of^the , 
silk-worm. We are assured that there are threediffeveut eerta of matterialnthus 
produced/which .are indeed .required for. the various , purposes to which the 
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** For every beast of the forest is mine, and the cattle upon a thousand hifis."— 
Psalm l. 

are applied— as, for example, to mix up with the earth to form the cells ; to line 
these cells as with fine cotton ; to make light and floating threads by which they 
may be conveyed through the air, as well as those meshes which are so 
geometrically and correctly formed to entrap their prey.— Note op Lor* 
Brougham to Paletfe Natural Theology, 

1083. Why have many insects a great number of eyes t 
Because the orb of the eye is fixed ; there is therefore placed over 

the eye a multiple-lens, which conducts light to the eye from every 
direction ; so that the insect can see with a fixed eye as readily as 
it could have done with a moveable one. As many as fourteen 
hundred eyes, or inlets of light, have been counted in the head of a 
drone-bee. The spider has eight eye*, mounted upon different parts 
of the head; two in front, two in the top of the head, and two on 
each side. 

1084. Why have birds of prey no gizzards ? 

Because their food does not require to be ground prior to 
digestion, as does the food of grain-eating birds. 

1085. Why have earth worms no feet ? 

Because the undulatory motion of their muscles serves them for 
all the purposes of progression needed by their mode of life, 

1086. Why have mussels strong tendinous threads 
proceeding from their shells ? 

Because as they live in places that are beaten by the surf, of the 
sea, they moor their shells by those threads to rocks and timbers. 

1087. Why have cockles stiff muscular tongues ? 
Because, having no threads to moor themselves, as the mussels 

have, they dig out with their tongues a shelter for themselves tfi 
the sand, 

1088. Why do oxen, sheep, deer, Sfc, ruminate t 
Because they have no front teeth in the upper jaw, the place of 

which is occupied by a hardened gum. The first process, therefore, 
consists simply of cropping their food, which is passed into the 
paunch, to be brought up again and ground by the bach teeth 
when the cropping process is over. 
Because, in a wild state, they are constantly exposed to the 
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" A righteous man regardeth the life of his bess t : but the tender mercies of the 
wicked are erueL"— Pbovsbbs xii. 



attacks of carnivorous beasts, and as the mastication of the large 
amount of vegetable food required for their sustenance would take a 
considerable time, they are provided with stomachs, by which they 
are enabled to fill their paunches quickly, and then, retiring to a 
place of safety, they bring their food up again, and chew it at 
leisure. 

1089. Why can ruminating animals recover the food from 
their paunches ? 

Because they have a voluntary power over the muscles of the 
throat, by which they can bring up the food at will. 

1090. Why can they keep the unchewed food in the 
paunch, from the " cud" they have chewed for nourishment ? 

Because their stomachs are divided into three chambers : 1, the 
paunch, where the unchewed food is stored; 2, the reticulum, 
where portions of the food are received from the paunch, and 
moistened and rolled into a " cud/' to be sent up and chewed ; and 
3, the psalterium, which receives the masticated food, and con- 
tinues the process of digestion. 

In quadrupeds the deficiency of teeth is usually compensated by the faculty 
of rumination. The sheep, deer, and ox tribe, are without fore-teeth in the 
upper jaw. These ruminate. The horse and ass are furnished with teeth in the 
upper jaw, and do not ruminate. In the former class, the grass and hay descend 
into the stomachs nearly in the state in which they are cropped from the 
pasture, or gathered from the bundle. In the stomach, they are softened by 
the gastric juice, which in these animals is unusually copious. Thus softened 
and rendered tender, they are returned a second time to the action of the 
mouth, where the grinding teeth complete at their leisure the trituration whioh 
is necessary ; but which was before left imperfect. I say, the trituration which 
is necessary ; for it appears from experiments, that the gastric fluid of sheep, for 
example, has no effect in digesting plants, unless they have been previously 
masticated ; that it only produces a slight maceration, nearly as common water 
would do in a like degree of heat ; but that when once vegetables are reduced 
to pieces by mastication, the fluid then exerts upon them its specific operation. 
Its first effect is to soften them, and to destroy their natural consistency; it 
then goes on to dissolve them, not sparing even the toughest parts, such as the 
nerves of the leaves. I think it very probable, that the gratification also of the 
animal is renewed and prolonged by this faculty. Sheep, deer, and oxen, appear 
to be in a state of enjoyment whilst they are chewing the cud. It is then, 
perhaps, that they best relish their food.— Paley. 
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"I am Hie a peHean of the wil dtrntoo : I am UkKauovfeofcthfrfLaaMt. L'watoh, 
and am as a spawxwp •atontqpoa the h— set tap^— Psalm cii. 



CttABTEA LV. 

H)91~ 0T% & qwdmipeds that are vegetable eaters feed 
m cantimuaUy ? 

Because their food contains bat a small proportion of nutrition} 
so- that it . is necessary to digest a large quantity to. obtain 
sufficient nourishment. 

1092*. Why da flash sating animals, satisfy themselves with 
a rapid meal ? 

Because the food which they eat is rich in nutritious matter, 
and mom readily digestible than vegetable food*; it does not 
therefore, require the same amount of* grinding with tHe teeth. 



Pig. 75.— pblicajt ircrar sftzamsr pewcm. 

1093. Why has the pelican a large pouch under it* WM? 
Because it subsists upon fish, generally of the smaller kind, and 
uses its pouch as a net for catching them ; the pouch also serves as 
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-"togged ereaten g wa turt is lmi, aa ^ ererylrfissr e i e atuio that nwvelh f :which 

thewfttecs broi^W^fcrtbr^undwtlyprf^^hefavkind, and every winged 

fowl after hisJtiaa: and Goiisawifcaoit wa» good.*?— Gbitesib i. 

bjkmmbA, in'whioh 'the fish we stared/until the bird ceasestiiem 
th^exertfcm of*fisfaiiig, and takes its meal at leisure. 

In - their 'wfld *stftte«fhey -hover -and wheel -over the suftiace «f "the crater, 
watehiag.t*e.aheela of tehheneafch, tand mattealy sweeping H*ewn,*mry ssma- 
selves in the foaming waves ; rising immediately from the water by their own 
buoyancy/up tfepy *Muvthe pouah laden -with the .fish scooped up during. their 
momentary submersion. The number of fish the pouch of this species will con- 
taui~may be easily imagined when we state .that it is^so dilatable as to be 
capable of' containing .two gallons of water ;. yet the {bird has .the power of 
contracting this membranous expansion, by wrinkling it .up under, the lower 
mandible, untH it is scarcely to be seen. In shallow inlets, which the pelicans 
MertfrequenVft nets its. prey with grant aartHiwess. 

The pelican chooses renurte-and solitary i»laais,4sola9ed reeks in thasea, the 
borders of lakes and rivers, as its breeding place. The nest, placed on the ground, 
is*mride4$f >ooarse grasses, and the eggs, which are white, are two or. three in 
number. While the female is incubating, the male brings neh to her in his 
pouch, and the young, when hatched, are assidiously attended by the parents, 
athe feed tham by praising' the<poi Kill against the breast, > so as to tianefer the 
Ash foomrthov farmer into the threats of the young. This action . has doubtless 
given origin to the old fable of the pelican, feeding its young with blood drawn 
from its own breast.— Knight's Animkl^inffdom. 

1094. Why do 'the smaller wiimefk breed more ^abundantly 
thm^he larger one*? 

Because the Bmaller ones are designed to be the "Toed df tfee 
larger ones, and are therefore created in-mumbere adapted to thdtt 
end. An elephant produces but one calf; the whale bnt one young 
one ; a.baitet% Jays six hundred eggs ; . silk- worms lay . from 1,000 
to 2,000 eggs; the wasp, 5,000; the ant, 4,000 to 5,000; the gneen 
bee, 5,000 to. 6,000, or 40,000 to 50,000 in a season ; and a species 
of white ant (termes fatdlUJ produces 86,400 eggs in a day. Birds 
of prey seldom,prdduce more than two eggs ; the sparrow and duel: 
tribe frequently sit upon a dozen ; in rivers there prevail a thousand 
minnows for one pike; and' in the sea, a million of herrings for a 
single shark; while of the animalcules upon which the whale 
subsistB/there must exist 'hundreds ofinillions for one'wiuue. 

,1095. Wty -has Jhe whale Jeathery4ike lammm of whale- 
bone extending from its jaws T 

IB a xnwMg cMiBBej fwiH i u ii j bones, lying aide .by-aide, Jam & sine, or 
*i*\m wiyfcr Ae^aigewoinmes*af water whfeh the whale .Tteeeiras 
Sato itei to:j Msj a lh^draiM^irf amalliaiumals, 
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"Haat thou given the hone strength? hast thou clothed his neck with thunder ? 

* * He paveth the valley, and rejoioethin his strength : he goeth on 

to meet the armed men."— Job ttttt 



which form a jelly-like mass upon which the whale feeds. A whale 
has been known to weigh as much as 249 tons, and its blabber 
yielded 4,000 gallons of oil. How many millions of living creatures 
must have gone to make up that enormous mass of animal matter I 

1096. Why have cats, and various other animals, whiskers ? 
The whiskers of cats, and of the cat tribe, are exceedingly 

sensitive, enabling them, when seizing their prey in the dark, to feel 
its position most acutely. These hairs are supplied, through their 
roots, with branches of the same nerves that give sensibility to the 
lips, and that in insects supply their "feelers" 

1097. Why has the horse a smaller stomach proportion* 
ately than other animals ? 

Because the horse was created for speed. Had he the 
ruminating stomach of the ox, he would be quite unfitted for the 
labour which he now so admirably performs. 

1098. Why has the horse no gallbladder t 

Because the rapid digestion of the horse, by which its fitness for 
Bpeed is greatly increased, does not require the storing up of the 
bile as in other animals in which the digestive process is a slower 
operation. 

1099. Why do certain butterflies lay their eggs upon 
cabbage leaves T 

Because the cabbage leaves are the food of the young 

caterpillars; and although the butterfly does not subsist herself 

upon the leaf, she knows by instinct that the leaf will afford food to 

her future young ; she therefore layB her eggs where her young ones 

will find food. 

This explanation applies to many insects that lay their eggs upon other 
plants 

1100. Why have insects long projections from their heads, 
like horns or feathers ? 

Because those organs (the antenna), are those through which 
some insects hear and others feel; and the projecting of these 
antenna from their bodies probably enables them to hear or feel 
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"My son, eat thou honey, because it is good; and the honey-comb, which is 
sweet to thy taste."— Pboverbs xxrv. 



more acutely while their wings are in motion, without the inter-' 
ference of the vibrations of their wings, 

1101. Why have bees stings ? 

Because they gather and store up honey which would constantly 
attract other insects, and the bees would be robbed of their food 
but for the sting, which is given to them for protection, 

1102. Why have fives fine hairs growing at the extremities 
of their legs? 

Because they require to cleanse their bodies and wings, and to 
free them from particles of dust. And as they cannot turn their 
heads for this purpose, they have hairy feet, which serve as brushes, 
by which any part of their bodies can be reached and cleaned. 



CHAPTER LVI. 

1103. Why when the perfume of flowers is unusually 
perceptible may wet weather be anticipated ? 

Because when the air is damp it conveys the odours of flowers 
more effectively than it does when dry. 

1104. Why when swallows fly low may wet weather be 
expected? 

Because the insects which the swallows pursue in their flight are 
flying low, to escape the moisture of the upper regions of the 
atmosphere, 

1105. Why do ducks and geese go to the water, and dash it 
over their backs on the approach of rain ? 

Because by wetting the outer coat of their feathers before the 
rain falls, by sudden dashes of water over the surface, they prevent 
the drops of rain from penetrating to their bodies through the open 
and dry feathers, 

1106. Why do horses and cattle stretch out their necks 
and snuff the air on the approach of rain ? 

Because they smell the fragrant perfume which is difiused in the 
air by its increasing moistness. 



Digitized by VjOOQ IC 



964. ctes 



-"I^irffl ranenlberlifee 4r«rk»*f the Lord: Stately I wflltgBMMfcwaBiy <woqjgra 
of old.'*— Psiije XXXVII. 

1107. VF%y "may change of weather %e ^anticipated mhen 
domestic animals are restless? 

Because their skins are exceedingly sensfttm 'to atmospheric 
uaflnenees, and they are oppressed and,inritafed by itke+okaqging 
- condition of tie atmosphere. 

110S. Why may fine weather be expected -when spiders 
are seen busily constructing their webs ? 

Because those insects are highly sensitive to the*tate*4f the 
atmosphere, and when at »is setting fine they bnM their *webs, 
: beeaiise they 4aww'instin«ti»ely that flies ntdUikciibroad. 

1109. Why is met weather to be ejected when epfflers 
hide? , 

Because it shows that they are aware that the state of the 
atmosphere does not favour the flight of insects. 

1110. Why if gnats fly in large numbers may fine weather 
he expected ? 

Because it shows that they feel the state of thetatmosj$he*e*4o'%e 
favourable, irhich induces them allio leave their jdaaes qfahrtter. 

.1111. Why if owls scream during foul weather, wffl it 
change to fine ? 

Because the birds are pleasurably excited by a favourable change 
in the atmosphere. 

1112. Why is it said that the moping of the owl t foretels 
death? 

Because owls scream -when the weather is on .the change ; and 
<mhen a rpatiant is lingering on a death bed, the alteration in the 
state -.of ihe atmosphere frequently induces death, because - the 
•JawtjmdraxjKiingdlanie-of life has not strength enough to uBzrpt 
itself to the change. 

HUB. Why may wet weather he expected nehen . spider s 
break of their webs, zmdwemeve Jhewtf 

Because -the insects, -anticipating -Jhesaf pnaah .of traiu^iaBiove 
their webs for preservation. 
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'"IttMm slesfttlM gMfcowfcinMieviMit, and lay, and hatch, andgather under 

her shadow : there shall the vultures also be gathered, every one with her 

mate.**— Isaiah* xxitv. 



TIM. Why may w* expmt a ea n ti m sa nee of fine weather 
when bees wander far from their hives ? 

Because titer Bear fed' instaaetkely tfcflt from* tfc*stai* o£ the 
atmosphere they may wander far im searobofi henay^ waahoafctim 
danger of being overtaken by rain. 

I1T5. Why if people fed tfievr corns aehe r ami their tones 
rheumatic, may ram be expected ? 

Because the dampness of tine atmosphere aftote is preawwaf upon 
the body, and* causes a temporary disturbance of the systkam. Aft 
general disturbances of the body; manifest fkemmfoe* in* i&om 
parte which are in a morbid state — as in a corn, a rheumatic bone, 
or a decayed tooth. 

1116. Why: if narious flowers close may ram be expected ? 
Became plants am highly sensftureto atmospheric, changes,, and 

close their petals to protect their stamens*. 

1117. Why whew moles throw vp their tells may ram be 
expected ? 

Beoansei the moles know instinctively,, that; on the, approach* of 
wet, wwna* rawer m the ground * the, moles, therefore become 
86tfee r ami form their Mllsv 

1118. Why is a magpie, when seen alone, said to ffiftiM 
fasti weetihcr"?' 

Beeaueer magpies, generally fly in company ; but on the approach 
of water eeld, owr remain* in the nest to take care of the young, 
while the other one wanders alowm search «f fboct 

2119: Why do sea-gidls appear immerm^mJUe weather^ 
Became* tte fishes* swim near to. the- sur&ca of the sea*, and" the 

birdk assemble over the swat to catch the fish, instead eftittin* on 

j*aafc*y,or wading on. tie shorn* 

1120. Why do sea-gulls fly over the land*, on the approach 
of stormy weather? 

Because in stormy weather they cannot catch fish; and the 
earth-worms come up on the land when the rain mils. 
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"And I said, Oh, that I had wings like a dove! for then would I fly away, and be 
at rest."— Psalm lv. 

1121. JFAy if birds cease to sing, may wet, and probably 
thunder, be expected. 

Because birds are depressed by an unfavourable change in the 
atmosphere, and lose those joyful spirits which give rise to their 
songs. 

1122. Why if cattle run around in meadows, may thunder 
be expected ? 

Because the electrical state of the atmosphere has the effect of 
making them feel uneasy and irritable, and they chase each other 
about to get rid of the irritability. 

1123. Why if birds of passage arrive early, may severe 
weather be expected ? 

Because it shows that the indications of unfavourable weather 
have set in, in the latitudes from which the birds come, and that 
they have taken an early flight to escape it. 

1124. Why if the webs if the gossamer spider fly about in 
the autumn, may east winds be anticipated? 

Because an east wind is a dry and dense wind, and suitable to the 
flight of the gossamer spider ; the spider feeling instinctively the 
dryness of the air, throws out its web, and finds it more than 
usually buoyant upon the dense air. 

The observation of the changing phenomena which attend the various states 
of the weather is a very interesting study, though no general rules can be 
laid down that can be relied upon, because there are modifying circum- 
stances which influence the weather in various localities and climates. 
To observe weather indications accurately, no phenomenon should be taken 
alone, but several should be regarded together. The character and the duration 
of the weather of the preceding days, the direction of the wind, the forms of the 
clouds, the indications of the barometer, the rise or fall of the thermometer, and 
the instinctive forewarnings of birds, beasts, insects, and flowers, should all be 
taken into account. Although no direct material advantages attend such a 
study, it induces a habit of observation, and developes the inductive faculty of 
the mind, which, when applied to more significant things, may trace important 
effects to their greater causes. 
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" Go to the ant, thou sluggard ; consider her ways, and be wise."— Psov. yi. 



CHAPTER LVII. 

1125. Why can gossamer spiders float through the air ? 
Because, having no wings, and being deficient in the active 

muscular powers of other spiders, they have been endowed with the 
power of spinning a web which is so light that it floats in the 
air, and bears the body of the gossamer spider from place to place. 
Each web acts as a balloon, and the spider attached thereto is a 
little aeronaut. 

1126. Why do crickets make a peculiar chirping sound? 
Because they have hard wing cases, by the friction of the edges 

of which they cause their peculiar noise, to make known to each 
other where they are, in the dark crevices in which they hide. 



Fig. 74.— GLOW-WORM 1781*0 HIS BBTOH. 

1127. Why has the glow-worm a brush attached to its 
tail? 

Because it is necessary to keep its back very clean, that the light 
which its body emits may not be dimmed. 

1128. Why does the glow-worm emit a light ? 

Because the female glow-worm is without wings, but the male is 
a winged insect. The female, therefore, is endowed with the power 
of displaying a phosphorescent light. The light is only visible by 
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" Tltey Aha* go dowsi to the sea, in great ships, that do business in great waters ; 
these see the works of the Lord, and his wonders in the deep."— Psalm era. 

night, but it is, nevertheless, beautifully adapted for the purpose 
stated, because the male is anight+flyinginsect, and never ventures 
abroad by day. 

There exists seme difference of opinion between naturalists upon the uses of 
the light of a glow-worm; there are some who doubt that it 'is exhibfteeVto 
attract the flying insect. The objectors, however, offer no e**4anation»of the* 
luminous properties of 'the worm. Sir-Charles Bell says thepreponderaace of 
the argument is decidedly in favour of the explanation we have given. 

112$. Why dee* not the iris of the fish' s>eye contract? 
Because the diminished light in water is never tee strong f tin 
the retina. 

1180. Why ie the eye of the eel covered with a.trane&urent 
horny covering? - 

Because, as the eel lives in holes, and poshes its head into mudy 
and under stones, &c., it needed such a covering to defend the eye. 

1131. Why- is* the whaler gnmded: umthli am eye, having 
remarhallyutUeh and stremg},couMtf: 

Because, when he is attached % the sw^rdrfialinarillnt shark, he 
is almost :hs#Wss> against his entases, as'tHsjyflfatibiNBBelves upon 
his huge cams*,. He therefore dr>e* wab Jtbisa a ud d iHut to a depth 
where the pleasure of the water is sagi^tthaa^hafjcassnot bear it. 
The eye of «'ths> whale is expressly or&iuae(L\t4t>bbom>tke immense 
pressure tf&mtreme oeean depths, wither vi iayaiaTBay tha sight. . 

1132. Why Mmej&hesvn* eyeAMef* 

Because the water in which they swim keeps their eyes moist. 
Eyelids would therefore* be -useless fa, them. 

1183. Why have fishes the power of giving their eye-halls 
very sudden motion t 

Because, having no eyelids (such organs being unnecessary, to 
keep their eyes moist), they still need the power of freeing their 
eyes from the contact of foreign matters; and this is secured to 
them by the power they have of giving the eye-ball a- very rapid 
motion, which causes reaction in the fluid surrounding it; and sweeps 
the smfHee. 

This motion may frequently be seen in the- eyes of fishes, in glass gjobcstt 
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" And God made the beast of .the earth. After drift ktafeaad aattle after their 

kind, and everything- that creepeth .upon, the earth after hia.kind : 

and God.saw.that itvwaa good."~rOBBasis I. 

1134. Why is the lachrymal seeretum of the. house's eye 
thick amd glutinous ? 

Because, as his eye is large, raid constantly exposed *to dasVen 
jonrnies, it is provided .with- &■ viscid secretion, •'whah. , cleanses ' the 
eye, and > more instantly :umd • securely -removes ! the dost, -than e 
watery secretion -would. 

.1135. Why does the t lower hill of the seatcrow /prjyect 
ieyond the upper aha? 

'Because the bird obtains Ins food by shimmmg along tke-Jinttxr, 
»*4o wUehifeetiips lis' toil/and lifts^Ms food eat. 

1136. Why do the mandibles of the cross-bill overlap 
each other ? 

Because the bird requires a peculiar bill, to enable it to split 
seeds into halves t and to tear the open cones of the fir-tree. 

1137. W hy are the tails of fishes so much larger than* their 
fins? 

Because their tails are their chief instruments 6f motion, while 
their fins are employed simply to direct their progress, and steady 
their movements. 

1138. Why have oxen, and other quadrupeds a tough 
ligament called the "pax-wax" running from their backs to 
their heads? 

Because their heads are of considerable weight; and having- 
frequent occasion to lift them, they are provided -with an elastic 
ligament, which is fastened at the middle of their backs, while its 
other extremity is attached * to the 'head. This enables ' then ' to 
raise their heads easily ; otherwise' the effort to do so wetaldjbe a 
work of great labour. To the horse, the pax- wax acts as a natural 
Ijearing-rein^assisting it to hold its head in that position which*adds 
to the. grace And beauty of the animal. 

In carving beef, this ligament may be seen passing along the vertebra -of the 
neck, the chuck, and the fore ribs. 
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** He shall feed hto flock like a shepherd; he shall gather the lambs with 

his arm, aud cany them in his bosom, and shall gently lead those 

that are with young.-— Isaiah xl. 



1139. Why have the females of the kangaroo and opossum 
tribes pouches, or pockets, formed in the skin of their breasts 
for the reception of their young T 

Because their young ones are remarkably small and helpless ; 
in fact, more so than those of any other animal of equal proportions. 
Besides which, the full grown animals hare very long hind-legs, 
and they progress by a series of extraordinary leaps. It would 
consequently be impossible for their helpless young ones to follow 
them : God has therefore given to female kangaroos and opossums 
curious pockets, formed out of their own skin, in which they place 
their little young ones, and bear them through their surprising leaps 
with the greatest ease and safety. 



CHAPTER LVIII. 

1140. What is the difference between an animal, a plant, 
and a mineral ? 

The great naturalist, Linnaeus, used to say that animals grow, 
live, and feel; plants grow and live; and minerals grow. 

Arnmalg are here defined to enjoy three conditions of existence ; 
plants two conditions ; and minerals one condition. 

This definition has, in latter days, been held to be unsatisfactory, 
since there are a few plants that are supposed to feel, and a few 
animals that are supposed to have even less feeling than the 
sensitive plants alluded to. 

The concise definition by Linnaeus, nevertheless, is true, as far as 
regards a vast majority of the bodies constituting the three great 
kingdoms of nature. And it may be sufficient to say that 

Animals — grow, live, feel, and move* 

Plants — grow and live. 

Minerals — grow, by the addition of particles of inorganic matter. 

If we now state the few exceptions that are admitted to this definition, we 
shall bring the explanation as near to the truth, as the present state of 
knowledge will permit. 
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M And God said, Behold, I have given you every herb bearing seed, which is 

upon the face of all the earth, and every tree, in the which is the fruit 

of a tree, yielding seed ; to you it shall be for meat."— Gbhbsis i. 

1141. Why is it understood that some plants feel ? 
Because the sensitive plant closes its leaves on being touched; 

the Venus 1 s fly trap closes its leaves upon flies that alight upon 
them ; others close upon the approach of rain, and at sunset, and 
open at sunrise, and turn towards the sun during its daily transit. 

1142. Why is it understood that some plants move ? 
Because certain sea-weeds throw off undeveloped young plants, 

which move through the water by the aid of fine cilia, or mus- 
cular hairs, until they find a suitable place upon which to attach 
themselves. 

The roots of plants will penetrate through the ground in the 
direction of water, and of favourable soil. 

1143. Of what elementary substances are plants composed? 
Of carbon, oxygen, hydrogen, and nitrogen. 

1144. Whence do plants derive those svbstanees? 
From the air, the earth, and water. 

1145. Soto do plants obtain carbon? 

They obtain it chiefly from the air, in the form of carbonic acid 
gas. The carbon, of the carbonic acid gas, which is thrown out 
by the breath of animals, and by other processes in nature, is 
absorbed by the leaves of plants, and the oxygen which had united 
with the carbon to foim the carbonic acid gas, is again set 
free for the use of animals. 

1146. Sow do plants obtain oxygen ? 

They obtain it from the atmospheric air. But as they do not 
require a large amount of oxygen for their own use, they throw off 
the amount which is in excess, after having separated it from the 
other elements with which it was combined when taken up by them. 
From the humble blade of grass, to the stately tree of the forest, 
plants operate to purify the air, and to correct and counteract the 
corruption of the air, by the myriads of animals inhabiting the 
earth. 

It has been generally stated that plants in rooms purify the air by absorbing 
carbonic acid by day, and releasing a part of the oxygen ; but that, as the pre- 
sence of light is necessary to produce this action, they do not restore oiygen to 
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" The he av ens declare' tths-glory of God : and th» firmament showeth hit handy 

work. ' Day unto day u tt er et h speech, and night unto niglit.ehoweth 

knowledge ."-^PsAiai zix. 

the air, by night, bat, on the contrary, give oft* carbonic acid gas. Therefore it 
has been stated that plants in rooms by night are unhealthy. Mr. Robert 
Hunt, one of the ablest chemists of the present time, makes the following 
assaark»npon this subject in his 'Poetry of Science:"— 

" The power of decomposing earbonic acid is a vital function which belongs 
to the leaves and bark. It has been stated, on the authority of Leibig, that 
during the night the plant acts only as a mere bundle of fibres— thatit allows 
of the circulation of carbonic acid and its evaporation, unchanged. In his 
eagerness to support his chemical hypothesis of respiration, the able chemist^ 
neglected to enquire if this was absolutely correct. The healthy plant never 
eeaass to decompose carbonic add during one moment of its ezistenoe ; but 
during the night, when the excitement of light is removed, and the plant 
reposes, its vital powers are at their minimum of action, and a much less 
^quantity is decomposed than when a stimulating sun, by the action of its rays, 
^compelling the exertion of every vital function." 

In hot, swampy countries, where vegetation is very rapid, and the soil loaded 
witkdeeomposing carbonic matter, the plants absorb more carbonic acid than 
they require, and they then evolve carbonic add gas from their leaves. • Hence 
such climates as the West Indies are injurious to life, though favourable to 
.vegetation. 

1147. Sow do plants obtain hydrogen? 

They obtain hydrogen in combination with oxygen in water, and 
with nitrogen, in the form of ammonia, as which it exists in animal 
manures. 

1148. Sow do plants obtain nitrogen? 

'From the atmospheric air, and 'from the soil, in which it is 
combined with other elements. 

JM9. Sow do. plants apply these elements to the formation 
of their own structures t 

When those substances which form the food of plants are absorbed, 
either by their leaves or their roots, they are converted, with the 
.aid of water, into, a nutritive sap, which answers the same purposes 
in plants as blood does in animals. 

1150. (Sow is the nutritive sap applied to the growth and 
enlargement of the plant ? 

Every seed contains a small amount of nutrition, sufficient for the 
sustentation of the germ of the plant, until those vessels are 
formed, by which the nutritive elements can be absorbed and used 
for the farther development of the living structure. 

The earth, penetrated by the sun's rays, warms the sleeping 
germ, and Quickens it into life. For a short time the germ lives upon 
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' Ho eaueeth the great to grow for the settle, and herb far theeeffiea of t 
that he may bring forth (foodoufc of- the earth."— PsauciCTW . 



the seed, which, moistened and warmed by the soil, yields a kind of 
glutinous sap, out of which the first members of the plant are 
formed. And then the tender leaf, looking up to the sky, and the 
slender rootlet penetrating the soil, begin to draw their 'sustenance 
from the vast stores of nature. 

1151. Of what do vegetable structures-consist ?' 

Of membranes, or thin tissues, which, being, variously arranged, 
form cells, tubes, air passages, &c. 0£ fibres, which form a stronger 
kind of membrane, and which is variously applied to the production 
of the organs of the plants. And* of oryoww,. formed-, by those 
elementary substances, by which the plants absorb, secrete* and 
grow, and fulfil the conditions of their existence. 

1152. Why are seeds generally enveloped in> hard cases ? 
Because the covering of the seed, like the shell of an egg, is 

designed to preserve the germ within from the influence of external 
agencies, until the time for development has arrived,! and the 
conditions of germination are fulfilled.. 

1153. Why does a seed throw out a root, before ivforms>a 
leaf? 

Because moisture, which' the root absorbs from the' earth, is 
necessary to enable the germ to use the nutrition which the seed 
itself contains, and out of which. the* leaf must be eliminated. 
Moisture forms a kind of gluten, in which the starch of the seed is 
dissolved, and converted into sugar, the sugar into carbonaceous sap, 
and the sap into cellular tissue and woody fibre, as the leaves 
present themselves to the influence of the air and light. 

1154. Why does a plant grow ? 

Because, as soon as membranes and vessels are organised in the 
young, germ ; the nutritive fluid, formed by its first organs, begins to 
move through the fine structures, and from that time the plant 
commences to incorporate with its own substance the elements 
with which it is surrounded, that are suitable to ft* darelopment. 
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"Can the rush grow up without mire ? can the flag grow without water f 

Whilst it ii yet in his greenness, and not cut down, it withereth before 

any other herb/'— Job Tin. 



CHAPTER LIZ. 

1155. Why, if we break the stem of a hyacinth, do we see 
a glutinous fluid exude? 

Because, by breaking the stem, we rupture the vessels of the 
plant, and cause the nutritive fluid to escape. The sap of the plant 
is analagous to the blood of man, and the vessels, to the arteries 
and veins of the animal body. 

1156. Why, if we split the petal of a tulip, do we see cells 
containing matter of various colours ? 

Because, by splitting the petal of the flower, we disclose the 
anatomy of its structure, and bring to view those cells, or organs, 
of the vegetable body, by which the different colouring matters 
are secreted, 

1157. Why, if we break a pea-shell across, do we discover 
a transparent membrane which may be removed from the 
green cells underneath ? 

Because we separate from the cellular, or fleshy part of the shell, 
the membrane, which forms the epidermis, and answers to the 
skin of the animal body. 

1158. Why, if we cut through a cabbage stump, do we find 
an outer coat of woody fibre, and an inner substance of cellular 
matter ? 

Because the woody fibre forms a hind qf skeleton, which supports 
the internal stricture of the plant, and gives form and character to 
its organisation. The woody fibre of .plants is analogous to the 
bony structure of animal bodies. 

1159. Why, if we cut across the stem of a plant do we see 
numerous tubes arranged in parallel lines ? 

Because we thereby bring to view the vessels formed by the 
membranes and fibres of the vegetable body, for the transmission of 
the fluids, by which the structure is sustained. 

Skeleton leaves, and seed vessels of plants, form exceedingly interesting 
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M It was planted iu a good soil by great waters, that it might bring forth 

branches, and that it might bear fruit, that it might be a goodly 

vine."— Ezbkibl xvn. 



objects, and serve to illustrate the wonderful structure of plants. With patience 
and care, they may be produced by any person, and will afford an interesting 
occupation. The leaves should be gathered when they are in perfection— that 
is, wheu some of the earliest leaves begin to fall from the trees. Select perfect 
leaves, taking care that they are not broken, or injured by insects. Lay them 
in pans of rain water, and expose them to the air to undergo decomposition. 
Renew the water from time to time, taking care not to damage the leaves. They 
need not be examined more than once a week, and then only to see that the 
water is sufficient to cover them. Give them sufficient time for their soft parts 
to become decomposed, then take them out, and laying them on a white plate 
with a little water, wash away carefully, with a camel-hair pencil, the green 
matter that clings to the fibres. The chief requirement is patience on the part 
of the operator, to allow the leaves and seed vessels sufficient time to decompose. 
Some leaves wUl take a few weeks, and others a few months, but a large panful 
may be put to decompose at the same time, and there will always be some 
ready lor the process of cleansing. When they are thorougly cleaned, they 
should be bleached, by steeping for a short time in a weak solution of chloride of 
lime. They should then be dried, and either pressed flat, or arranged in boquets 
for preservation under glass shades. The result will amply reward the perse- 
verance of the operator. 

1160. Why are clayey sails unfavourable to vegetation ? 

Because the soil is too close and adhesive to allow of the free 
passage of air or water to the roots of the plants ; it also obstructs 
the expansion of the fibres of the roots. 

1161. Why are sandy soils unfavourable to vegetation ? 

Because they consist of particles that have too little adhesion 
to each other; they do not retain sufficient moisture for the 
nourishment of the plants ; and they allow too much solar heat 
to pass to the roots. 

1162. Why are chalk soils unfavourable to vegetation C 

Because they do not absorb the solar rays, and are thereto 
cold to the roots of plants. 

1163. Why are mixed soils favourable to vegetation ? 

Because they contain the elements of nutrition essential to the 
development of the vegetables, and the plants absorb from them 
those constituents which are necessary to their growth. 

1164. Why do farmers sow different crops in rotation f 
Because every plant takes something from the soil, and give* 
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* He watereth the MHs* from his chambers ; the earth is satisfied with the 
fruit of thy works/'— Psalm oiv. 



something back ; but all kinds of plants do not absorb nor restore 
the^elements in the same -proportions. Therefore a succession of 
crops *6f one kind would soon impoverish the soil ; but a succes- 
sion of crops of different kinds will compensate the soil, in some 
.idflgHft'for the nourishment withdrawn. 

'.1165. Why do farmers manure their lands ? 
Because,- as* soils vary,: and .crops impoverish the soils, the farmer 
' employs* manure to restore fertility, and: to adapt the. soils to the 
wants of the plants he desires to cultivate. 

It is remarkable that Nature herself points out to man fche .necessity for 
- ©hangiag the succession of vegetable growths. 

When plants ■ have exhausted the- soil upon which they grow, they will push 
1 their roots far in, search of sustenance, and in time migrate to a new soil, while 
• other plants will spring up and thrive upon the area vacated. When a forest in 
North Ameriea4adB8tw>yed by Are, the trees that grow afterwards are unlike 
..those that the Are consumed, and evidently arise from seeds that have long lain 
buried in the earth, waiting the time when the ascendancy of the reigning order 
of plants should cease. 

1166. 'Why are grasses >so widely diffused throughout nature? 
Became they fosm^hefood of *a very large portion of the. animal 

. kingdom. They have therefore been abundantly provided. Kb 
spot of earth is allowed to remain idle long. When the foot of man 
ceases to tread down the path, grass immediately begins to appear ; 
and by its universality and the hardihood of its nature, it clothes 
the earth, as with a carpet. 
'Many gsasaes.-whaBe leaves, ara, so dry and withered that the plants appear 

. .dead, revive and renew their existence in the spring by pushing forth new leaves 
from the bosom of the former ones.— WUfiering'8 Botany. 

Grasses are Nature's care. With these she clothes the earth ;, with *hese she 
sustains its inhabitants. Cattle feed upon their leaves ; birds upon their 
smaller seeds v mem upon the larger; for, > few 'reader* -need be told that the 
plants which produce our bread-corn, belong to this class. In those tribes 
which are more generally considered as grasses* their extraordinary means and 
powers of preservation and increase, their hardiness, their almost unconquer- 
able disposition to spread, their faculties of reviviscence, coincide with the 
intention of nature concerning them. They thrive under a treatment by which 
other plants are destroyed. The more their leaves are consumed, the more 

: their Toote insrease. . Thcmore they are trampled upon, .the thicker they grow. 
Many of .the. seemingly dry and dead leaves of. grasses revive, and renew their 
verdure in the spring. In lofty mountains, where the summer heats are-not 
sufficient to ripen the seeds, grasses abound < wfaioh are • visiperous, and 
consequently able to propagate themselves without seed. It is an observation, 
likewise, which 'has often- bean made, that herbivorous animals » attach 
.themselves to the leaves of. grasses ; and, if at liberty in their pastures to range 
and choose, leave untouched the straws which support the fl ewer sr ■ ■ JPafry. 
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" For the earth bringeth forth frtrft of herself } first the*blade, then thenar, 
after that the full ear in the corm"— Mask v. 



CHAPTER LX. 

1167. Why do some plants droop; and turn to- the > earth- 
after sunset ? 

Because, when the warmth of the sun's rays is withdrawn, they 
turn downwards, and receive the warmth of the earth'by radiation. 

1167* Why does the young ear of corn first* appear* 
enfolded intwogreew lea»es<?. 

Because the ligiht and eMww^tmttQoptmerfuUyferdhe young 
ear i two leaves therefore join, and'embraeef-iA»*e»^and!.<pFot«et.ibt 
until it has acquired ^strength, when they divide, and leave the ear* 
to swell and ripen. - 

1168j Why cure -the' seeds >of plant* usually formed vnthvtu. 
the corollas of flowers? 

Because the petals of the flowers, surrounding the seeds, afford 
them protection until* they \ are ripened, whan the flower dies, and 
the petals fall to the ground. 

1169. Why does the flower* of the poppy twm down*dming 
the early formation of seed' f 

Because the heat would probably be too great foe the seed irk its 
early stage. The plant is therefore provided with a curious curve 
in. its . stalk, which turns the flower downward: But when the 
seeds -are prepared fer ripening, the stalk < erects itself, and the 
seeds are then presented to the ripening influences >o£<Jthe:sun. 

1170. Why have plants of 'the pe*4rihe t mf elding blossom, 
called the " boat;' or " TceeU" ' 

Because, within . that blossom the pea is formed, and the * shapes 
of the blossom: isf exactly suited to that of the .pea which is formed^ 
therein. The blossom is- itself protected by 'external petals.; and", 
when the wind blows, and threatens to destroy* the* parts upon/ 
which; the seeds depend, the plants turn. their backs to the vrind, 1 
and shelter the seed. 
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"The fruit of the righteous is a tree of life ; and he that winneth souls 
is wise.*— Pbotebbs xi. 



1171. Why are the leaf buds enclosed in scales which 
fall off as the leaf opens? 

Because the scales serve as a shelter to the tender structure of 
the young leaf. The scales are rudimentary leaves, formed at the 
end of the previous season, and which, being undeveloped then, serve 
to guard the young leaves of the future year. 

In trees, especially those which are natives of colder climates, this point is 
taken up earlier. Many of these trees (observe in particular the ash and the 
Kor*e-ch69tnut) produce the embryos of the leaves and flowers in one year, and 
bring them to perfection the following. There is a winter therefore to be gotten, 
over. Now what we are to remark is, how nature has prepared for the trials 
and severities of that season. These tender embryos are, in the first place 
wrapped up with a compactness, which no art can imitate ; in which state they 
oompose what we call the bud. This is not all. The bud itself is enclosed in 
scales ; which scales are formed from the remains of past leaves, and the rudi- 
ments of future ones. Neither is this the whole. In the coldest climates, a 
third preservative is added, by the bud having a coat of gum or resin, which, 
being congealed, resists the strongest frosts. On the approach of warm weather 
this gum is softened, and ceases to be an hinderance to the expansion of the 
leaves and flowers. All this care is part of that system of provisions which has 
for its object and consummation, the production and perfecting of the seeds.— 
JPaUy. 

1172. Why are the seeds of many plants enclosed in a 
rich juice, or pulp ? 

Because the matter by which the seed is surrounded, as well as 
being intended for the nourishment and care of the seed, is 
. designed for the use of man and of animals, by whom the seed is 
. set free to take its place in the earth. 

By virtue of this process, so necessary, but so diversified, we have the seed, at 
length, in stone-fruits and nuts, incased in a strong shell, the shell itself 
enclosed in a pulp or husk, by which the seed within is, or hath been, fed; or, 
more generally (as in grapes, oranges, and the numerous kinds of berries), 
plunged overhead in a glutinous syrup, contained within a skin or bladder ; at 

. other times (as in apples and pears) embedded in the heart of a firm fleshy 
substance ; or (as in strawberries) pricked into the surface of a soft pulp. 
These and many more varieties exist in what we c&H fruits. In pulse, and 

_, grain, and grasses ; seeds (as in the pea tribe) regularly disposed in parchment 
pods, which, though soft and membranous, completely exclude the wet oven in 
the heaviest rains ; the pod also, not seldom, (as in the bean), lined with a fine 

. down; at other times (as in the senna) distended like a blown bladder; or we 
have the seed enveloped in wool (as in the cotton-plant), lodged (as in pines) 

'between the hard and compact scales of a cone, or bf^ricadoed (as in the 
artichoke and thistle) with spikes and prickles ; in mushrooms, placed under a 
pent-house ; in ferns, within slits in the back part of the leaf ; or (which is the 
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* And X will send grass in thy fields for thy cattle, that thou mayest eat, 
and be foil/'— Deutmojtomt zl 

most general organisation of all) we find them covered by strong, close tunioles, 
and attached to the stem according to an order appropriated to each plant, as 
is seen in the several kinds of grains and of grasses. 

In which enumeration, what we have first to notice is, unity of purpose under 
variety of expedients. Nothing can be more tingle than the design; more 
diversified than the means. Pellicles, shells, pulps, pods, husks, skin, scales 
armed with thorns, are all employed in prosecuting the same Intention. 
Secondly ; we may observe, that in all these cases, the purpose is fulfilled within 
a just and limited degree. We can perceive, that if the seeds of plants were 
more strongly guarded than they are, their greater security would interfere with 
other uses. Many species of animals would suffer, and many perish, if they could 
not obtain access to them. The plant would overrun the soil; or the seed be 
wasted for want of room to sow itself. It is, sometimes, as necessary to destroy 
particular species of plants, as it is, at other times, to encourage their growth. 
Here, as in many oases, a balance is to be maintained between opposite uses. The 
provisions for the preservation of seeds appear to be directed, chiefly against 
the inconstancy of the elements, or the sweeping destruction of inclement 
seasons. The depredation of animals, and the injuries of accidental violence, are 
allowed for in the abundance of the increase. The result is, that out of the 
many thousand different plants which cover the earth, not a single species, 
perhaps, has been lost since the creation. 

When nature has perfected her seeds, her next care is to disperse them. 
The seed cannot answer its purpose, while it remains confined in the capsule. 
After the seeds therefore are ripened, the pericarpium opens to let them out, 
and the opening is not like an accidental bursting, but for the most part, is 
according to a certain rule in each plant. What I have always thought very 
extraordinary; nuts and shells, which we can hardly crack with our teeth, 
divide and make way for the little tender sprout which proceeds from the 
kernel. Handling the nut, I could hardly conceive how the plantule was ever to 
get out of it. There are cases, it is said, in which the seed-vessel, by en elastic jerk, 
at the moment of its explosion, casts the seeds to a distance. We all, however, 
know, that many seeds (those of most composite flowers, as of the thistle, dande- 
lion, Ac.) are endowed with what are not improperly called wings; that is, 
downy appendages, by which they are enabled to float in the air, and are 
carried oftentimes by the wind to great distances from the plant which pro- 
duces them. It is the swelling also of this downy tuft within the seed-vessel 
that seems to overcome the resistance of its coats, and to open a passage for the 
seed to escape. 

But the constitution of seeds is still more admirable than either their 
preservation or their dispersion. In the body of the seed of every species 
of plant, or nearly of every one, provision is made for two grand purposes : 
first, for the safety of the germ; secondly, for the temporary support of the 
future plant. The sprout, as folded up in the seed, is delicate and brittle 
beyond any other substance. It cannot be touched without being broken. 

Yet in beans, peas, grass-seeds, grain, fruits, it is so fenced on all sides, 
so shut up and protected, that whilst the seed itself is rudely handled, 
tossed into sacks, shovelled into heaps, the sacred particle, the miniature plant 
remains unhurt. It is wonderful, also, how long many kinds of seeds, by the 
help of their integuments, and perhaps of their oils, stand out against decay. 
A grain of mustard-seed has been known to lie in the earth for a hundred 
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u Say notye» There ate fourtmoeAhs,- and then cometh. harvest P behold, I say 

onto you, Lift up your eyea»audlook.i>n the- fields 4 for they are white 

already to* harvest."— John iy. 



years t and a* soon a*. it had- acquired a favourable situation, to shoot as 
vigorously as if just gathered from, the plant. Them as to the second point, the 
temporary support of the future plant, the matter stands thus. In grain, and' 
pules*' sad. kernels, and pipins, .the germ composes a very small part of the 
seed. The rest consists of a nutritious substance, from which the sprout draws* 
its aliment for some considerable time after it is put forth; viz., untffthe 
fibeeet shot out ifEomtha other .end of the seed, are able to imbibe juices from 
the earth, im a sufficient quantity for its demand. It is owing to this constitu- 
tion t ha* we>«ee<seeda spnout, and the sprouts make a considerable progress, 
without any earth, at aU. 

Vromthe'confonantion of. fruits alone, one* might be led, even without ex- 
perience, to suppose^ that parte* this provision, waa destined for the utilities of 
animals. As limitedto the plans*. the provision itself seems, to go beyond its 
object. Th^nesh.ofan'apple.the.pulpjOfan orange, the meat of a plum, the 
fatneseof the olive, appear .to be svotw.than sufficient .for, the. nourishing of the 
seed or kerneL Tfte-event shows, that this redundancy, if it beone, niinisters to 
the support ahdfrailflaataoaof animal natures t andwhen we observe a provi- 
sion to be more* than snAeiena for one purpose* yet .wantedfor another purpose,, 
it -id not unfrir-tooonclude that' both pusppses were contemplated together.— 
Paley. 

1173. Why have -climbing plants Uitgkct&lyrtendrih ? 
Beoatnse, having no.<mody\*t*lJas of their own to support them, 

thiey require to take bold' of surroundijsg' objects, and raise- them- 
seketv freinuthe ground, by climbing. Their spiral ' tendrils < are* 
there&re, s^aBaa^hawds^AssiBtiBgjrth^ea tajiflairom the earth 1 . 

1174. Why dots iKe pea put forth tendril*? and> thk bkaw* 

wtr 

Because the beau has in its stalk sufflAeni-iJoood^ fkrMo twppott , 
itself 5 bat .the pea ha*not. We- do. not fcnow.a single tree orshVub' 
having/a firm strong stem sufficient for:its>s»pport wJuabiia, also 
supplied with tendrils. 

1175. Why do the ears of wheat stand up by day, and turn 
ddvm by night ? 

Beeaaae* .when the ear* is becoming..ripe, the cold dew falling into 
thb ear, might imdme blight; the ears therefoce turaxlawn^to tha& 
earth, MuLroctwe warmth by radiation'. 

1176. Why, have, grasses, corn r . canes, $c, joints, or 
Jfaots in their stalks, 

Bexxusma Jong,.hollow stem would be liable to bend- 1 and r break 
Bot th^jOintt-aw^s^.mtjay/poimt* .^ere the fibres aie. bonnd'i: 
together, and the strnctcrr greattf' str e ngt k m s d i 
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"Then shall fcheearth yield her increase; and God, even our «ro God^ahall 
, bless us."— Psamc xltii. 

1177. Why have the berries of the mistletoe a thick viscid 
juice ? 

Because the mistletoe is a parasitical plant, growing upon the 
bark of other trees. It will not grow in the ground ; its seeds are 
therefore filled with an exceedingly sticky substance, which servesto 
attach them to the bark of trees, to which the berries attach them- 
selves at once, by throwing out tough fibres ; and the next year the 
plant grows. 



Fig. 75.— THE MISTLETOE. 

1178. Sow are the seeds of the mistletoe transferred from 
its own stem to the bark of trees. 

Various birds, and particularly the missel thrush, feed upon the 
berries. As the bird mores in pursuit of its' food, the viscid berries 
attach themselves to its feathers, -and in this way the thrush is the 
instrument which conveys the seed to the spot* to which it adheres, 
and from which the tree ultimately grows. 

1179. What is the circulation of the sap in plants f 

The circulation of the sap is the, movement of the nutritive juices 
by which the plant is sustained. There is a slow uninterrupted 
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" Tor the mm is no sooner arisen with a burning heat, bnt it withereth the grass, 

and the flower thereof falleth, and the grace of the fashion of it perisheth : 

so also shall the rich man fade away in his ways."— Jambs i. 



movement of the sap from the root through the stems to the leaves, 
and downwards from the leaves through the bark to the root. 

1180. Why does the sap of plants thus ascend and 
descend? 

Because it conveys upward from the ground some of the matter 
by which the plant is to be nourished, and which must undergo 
digestion in the leaves ; and it brings downward from the leaves 
the matters absorbed, for the nourishment of the plant, and dis- 
charges through the root the substances which the plant cannot use. 

The movement of the sap is most active in the spring ; but in 
the depths of the winter it almost ceases. 

There are other motions of the sap in plants, which are called special, in 
distinction from the ascending and descending of the sap, which is called 
general, or common to all plants. The special movements of the sap are 
peculiar to certain plants, in some of which a fluid, full of little green cells, is 
found to have a rotatory motion; in other plants, a milky fluid is found to 
move through p&rtioular tissues of the vegetable structure. 

1181. Why are the leaves of plants green ? 

Because they secrete a carbonaceous matter, named chlorophyl, 
from which they derive their green colour. 

1182. Why are the hearts of cabbages, lettuces, $c. y of a 
pale yellow colour ? 

Because the action of light is necessary to the formation of 
chlorophyl; and as the leaves are folded upon each other, they 
exclude the light, and the green matter is not formed. 

1183. Why do leaves turn brown in the autumn ? 

Because, when their power of decomposing the air declines, the 
oxygen absorbed in the carbonic acid gas, lodges in the leaf, 
imparting to it a red or brown colour. 

1184. Why do succulent fruits, such as gooseberries, 
plums, Sfc, taste acid? 

Because, in the formation of juices, a considerable amount of 
sxygen is absorbed, and the oxygen imparts acidity to the taste. 
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" The earth is full of the goodness of the Lord."— Psalm xxxiii. 

1185. Why do ripe fruits taste sweet, and unripe fruits 
taste sour t 

Because the juices of the ripe fruit contain a large proportion of 
sugar, which in the unripe fruit has not been formed. 

1186. Why do some leaves turn yelloto T 

Because they retain an excess of nitrogen. Leaves undergoing 
decay turn either yellow, red, crimson, or violet. Yellow is due to 
the excess of nitrogen ; red and crimson to various proportions of 
oxygen; violet to a mixture of carbon; and green to chlorophyl. 

1187. W x hy do leaves fall off in the autumn ? 

Because they have supplied for a season the natural wants of the 
tree. Every part has received nutrition through the spring and 
summer months ; and the wants of the tree being supplied, the 
chief use of the leaf ceases, and it falls to the ground to decay, and 
enrich the soil. 

1188. Why do plants suffer from the smoke of cities ? 
Because the smoke injures the porous structure of the leaves, 

and interferes with their free respiration. 



LESSON LXI. 

1189. Why are vegetable productions so widely diffused ? 

Because they everywhere form the food of the animal creation. 
Without them, neither man nor beast could exist. Even the flesh- 
eating animals are sustained by them, since they live by preying 
upon the bodies of vegetable-eaters. 

They also enrich and beautify the earth. They present the most 
charming diversities of proportions and features. From the 
cowslip, the primrose, and the blue-bell of our childish days, to 
the broad oak under which we recline, while children gambol round 
us, they are all beautiful or sublime, and eminently useful in 
countless ways to man. 

They spread a carpet over the surface of the earth ; they cling to 
old ruins, and cover hard rocks, as though they would hide decay, and 

k2 
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"The glory of the Lord shall endure for ever: the Lord shall rejoice in his 
works."— Psajm civ. 



give warmth to the coldness of stone. In tropical climates they 
supply rich fruits full of cool and refreshing juices, and they 
spread out upon the crests of tall trees those broad leaves which 
shelter the native from the scorching heat of the sun. 

They supply our dwellings with furnitjure of every kind, from 
the plain deal table, to the handsome cabinet of satin or rosewood ; 
they afford rich perfumes to the toilette, and lusckms fruits and 
wines to the desert ; they charm the eye of the child in the daued 
field; they adorn the brow of the bride ; they are laid in the coffin 
with the dead ; and, as the cypress or , the willow bend over our 
graves, they become the emblems of our grief. 

9 

1190. What is mahogany ? 

Mahogany is the wood of trees brought chiefly from South 
America and Spain. The finest kind is imported from St. Domingo, 
and an inferior kind from Honduras. 

We all know the beauty of mahogany wood. But we do not all know that 
mahogany was jfirst employed in the repair of some of Sir Walter Raleigh's ships 
at Trinidad in 1597. The discovery of the beauty of its grain for furniture and 
cabinet work was accidental. ; Dr. Gibbons, a physician of eminence, was build- 
ing a house in King-street, Covent-garden ; his. brother, captain <of. a West 
Indiaman. had brought over some planks cf mahogany as ballast, and he thought 
that the wood might be used up in his brother's building, but the carpenters 
found the wood too hard for their tools, and objected to use it. Mrs. Gibbons 
shortly afterwards wanted a small box made, so the doctor called upon his 
cabinet-maker, and ordered him to make a box out of some wood that lay in his 
garden. The cabinet-maker also complained that the wood was too hard. But 
the doctor insisted upon its being used, as he wished to preserve it as a memento 
of his brother. When the box was completed, its fine colour and polish attracted 
much attention ; and he, therefore, ordered a bureau to be made of it. This was 
done, and it presented so fine an appearance that the cabinet-maker invited 
numerous persons to see it, before it was sent home. Among the visitors was 1 her 
Grace the Duchess of Buckingham, who immediately begged tome of^.thewood 
Yrom Mr. Gibbons, and employed the cabinet-maker to make, her a bureau 
also. Mahogany from this time became a fashionable wood, and the cabinet- 
; maker, who at first objected to use it, made a great success by its introduction. 

1191. What ts rosewood ? 

.Rosewood is the wood of a tree which grows in Brawl. .It .is, 
generally speaking, too dark for large articles of r furniture ,< but is 
admirably adapted for smaller ones. It is expensive, juadifce 
hardness of the wood renders the cost of making articles .of it 
-very high. 
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4 1 am comeup to the height ©f the mountains^ to tliesidesof Lebanon* and. will 

cut down the tall cedass- thereof, and the- choice fir trees thereof."— 

ii. Kings xxiil. 



Respecting the other woods used in the manufacture of furniture, we have 
nothing special to say, except of the oak— the emblem of our native land. This 
tree yields a most useful and durable wood, and as it' not only defends our i 
country by supplying our " wooden walls," but gives to us the floors of our 
houses, furnishes our good substantial tables, and co mf ortable arm-chairs, it 
will be well for us to know a few facts about this celebrated tree. It 4a said 
that there are no less than one hundred and fifty species of the oak. The 
importance of the growth of oaks may be gathered from the fact, that the 
building of a 70-guu ship would take forty acres of timber. The building.of & 
70-gun ship is estimated to cost about £70,000. . Oak trees attain to the age of 
1,*00 years. The oak enlarges its circumference from lOfc inches to 12 inches in 
a year. The interior of a great oak at Allonville, in Normandy, has been- 
converted into a place of worship. An oak at Klddington, served as a village 
prison. A large oak at Salocy, was used as a cattle fold ; and others have served 
as tanks, tombs, prisons, and dwelling-houses. 

The Mammoth tree, which is exhibiting at the Crystal Palace, is one of the 
great wonders of the vegetable creation. It is the grand monarch of the 
Galifornian forest; inhabiting, a solitary district on the elevated slopes of the 
Sierra, Nevada, at 5,000. feet above the sea-level. From 80 to 90 trees exist; all 
within the circuit of a mile, and these varying from 250 to 820 feet in height, 
and from 10 to 20 feet in diameter. The bark' is from. 12 to 15 inches in 
thickness; the branchlets are somewhat pendent, and resemble those of 
cypress or juniper, and it has the cones of a pine. Of a tree felled in 1833; 
21 feet of the bark from the lower part of the trunk were put in the natural form 
as a room, which would contain a piano, with seats for forty persons \ and on one 
occasion 150 children were admitted. The tree is reputed to have been above 
8,000 years old; that is to say, it must have been a little plant when Samson 
was slaying the Philistines. The portion of the tree exhibiting at the palace is 
lOS'feetin height, and 32 feet iu diameter at the base. 

1192. What is tea? 

Tea ia the leaf of a. shrub (Thea Chinensis). The plant usually 
grows to the height of from three to six feet, and resembles in 
appearance the well-known myrtle. It bears a blossom. not unlike 
that of the common dog-rose. The climate most congenial to it is 
that between the 25th and 33rd degrees of latitude. The growth' of 
gjoodilea prevafls'chiefly ii* China, and is -confined to a few provinces. 
The green and black teas? are- -mere varieties, depending upon the: 
cirifcntt,. time-. of gathering, mod©, of drying, <fcc. Coffee taofr used 1 
in this country bef*r*tea. . In 1664, it ds recorded, the. East; India » 
Company bought 21b. 2oz. of coffee as a present for the king. In 
the year 1832, there were 101,687 licensed tea dealers in the 
United 'Kingdom. Green tea was first used in 1715 ; . A'- dispute 
with America about the duty upon tea led *to the American war/ out- 
of which arose American: independence. The consumption of tea' 
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*' Every man should eat and drink, and enjoy the good of all his labour, it is 
the gift of God." -Ecclbsiastes in. 

throughout the whole world is estimated at above 52,000,000 lbs., 
of which the consumption of Great Britain alone amounts to 
30,000,000. (See 1225). 

1193. What is coffee? 

Coffee is the berry of the coffee plant, which was a native of that 
part of Arabia called Yemen, but it is now extensively cultivated in 
India, Java, the West Indies, Brazil, Ac. (See 1224). 

The first ooffee-house in London was opened in 1652, under the following* 
circumstances. A Turkey merchant named Edwards, having brought along* 
with him from the Levant, some bags of coffee, and a Greek servant who was 
skilful in making it, his house was thronged with visitors to see and taste this 
new beverage. Being desirous to gratify his friends without putting himself 
to inconvenience, he allowed his servant to open a coffee-houre, and to sell 
coffee publicly. 

Here we have another illustration of the great results springing from trifling 
causes. Coffee soon became so extensively used that taxes were imposed upon 
it. In 1660 a duty of id. a gallon was imposed upon all coffee made and sold. 
Before 1782 the duty upon coffee was 2s. a pound ; it was afterwards reduced to 
Is. 6d., at which it yielded to the revenue, for many years, £10,000 per annum. 
The duty has been gradually reduced, and the consumption has gone on 
increasing, until at last above 26,000,000 of pounds are consumed annually! 
Fancy this great result springing from a " friendly ooffee party" that assembled 
in the year 1652. 

1194. What is chocolate ? 

It is a cake prepared from the cocoa-nut. The nut is first 
roasted like coffee, then it is reduced to powder and mixed with 
water, the paste is then put into moulds and hardened. The 
properties are very healthful, but its consumption is very insignifi- 
cant, as compared with tea or coffee. The cocoa tree grows chiefly 
in the West Indies and South America. 

1195. What is cocoa? 

Cocoa is also a preparation from the seeds or beans of the cocoa 
tree. But the best form of cocoa for family use is to obtain the 
beans pure, as they are now commonly sold ready for use, and to 
break them and then grind them in a large coflee mill. 

1196. W hat is chicory ? 

Chicory is the root of the common endive, dried and roasted as 
coffee, for which it is used as a substitute. Some persons prefer 
the flavour of chicory admixed with coffee. But very opposite 
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" He that tilleth the land shall have plenty of bread : but he that followeth after 
vain persons shall have poverty enough."— Fbovesbs xxviii. 



opinions prevail respecting the qualities of chicory. We belive it 
to be perfectly healthful, and attribute the prejudice that prevails 
against it, to its having been used, from its cheapness, to adulterate 



1197. What is sugar? . 

Sugar is a sweet granulated substance, which may be derived 
from many vegetable substances, but the chief source of which is 
the sugar cane. The other chief sources that supply it are the 
maple, beet-root, birch, parsnip, &c. It is extensively used all over 
the world. Sugar is supposed to have been known to the ancient 
Jews. It was found in the East Indies by Newcheus, Admiral of 
Alexander, 325 B.C. It was brought into Europe from Asia. 

The art of sugar refining was first practised in England, in 1659, and sugar 
was first taxed by name by James II., 1686. Sugar is derived from the West 
Indies, Brazil, Surinam, Java, Mauritius, Bengal, Siam, the Isle de Bourbon, 
Ac. Ac. Before the introduction of sugar to this country, honey was the chief 
substance employed in making sweet dishes ; and long after the introduction of 
sugar it was used only in the houses of the rich. The consumption in England 
in 1700 reached only 10,000 tons ; in 1834 it had reached 180,000 tons. The 
English took possession of the West Indies in 1672, and in 1646 began to export 
sugar. In 1676 it is recorded that 400 vessels, averaging 150 tons, were 
employed in the sugar trade of Barbadoes. Jamaica was discovered by 
Columbus, and was occupied by the Spaniards, from whom it was taken by 
Cromwell, in 1656, and has since continued in our own possession. When it was 
conquered there were only three sugar plantations upon it. But they rapidly 
increased. Until the abolition of slavery in the West Indies, the production of 
sugar was almost exclusively limited to slave labour. {See 1226). 

1198. What is wheat? 

Wheat, rye, barley, oats, millet, and maize, all belong to the 
natural order of grain-bearing plants. They all grow in a similar 
manner, and all yield starch, gluten, and a certain amount of phos- 
phates. They are commonly spoken of as farinaceous foods. 

From the Sacred writings we learn that unleavened bread was common in the 
days of Abraham. In the earlier periods of our own history, people had no other 
method of making bread than by roasting corn, and beating it in mortars, then 
wetting it into a kind of coarse cake. In 1596, rye bread and oatmeal formed a 
considerable part of the diet of servants, even in great families. In the time of 
Charles the First, barley bread was the chief food of the people. In many parts 
of England it was more the custom to make bread at home then at present. In 
1804, there was not a single public baker in Manchester. In France, when the 
use of yeast was first introduced, it was deemed by the faculty of medicine to be 
so injurious to health that its use was prohibited under the severest penalties. 
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M I clothed thee also with broidered work, and shod thee with badgers' skin* 

and I girded thee about with fine linen, and I covered thee with silk."— 

Ezbkiel in. 

Herault says that, during the siege of Paris by Henry the Fourth, a famine 
raged, and bread sold at a crown a pound. When: this was oonsumedvthe deled 
bones from the enamel house of the Holy Innocents were exhumed, and a kind 
of bread made therefrom. Bread-street, in London, was once a bread market. 
From the year 1266, it had been customary to regulate by law the price of bread 
in proportion to the price of wheat or flour at the time. This was called .the 
assize of bread; but, in 1815, it was abolished In the year 272 there was a 
famine in Britain so severe that people .ate the bark of trees; forty thousand 
persons perished by famine in England in 810 ! In the year 450 there was a 
famine in Italy so dreadful that people eat their own children. A famine, com- 
mencing in England, Wales, and Scotland, in 954, lasted four yean. A famine im 
England and France, in 1195, led to. a pestilential fever, which lasted until 1185- 
In 1315 there was again a dreadful famine in England, during whioh people 
devoured the flesh of horses, dogs, cats, and vermin'! In the-year 1775, 16,000 
people died of famine in the Cape de Verds. These are only a few of the remark* 
able famines that have occurred in the course of history. Lee us thank God 
that we live in times of abundance, when improved cultivation, the pursuit of 
industry, and the settlement of the laws, render such a;cakvmity as a famine 
almost an impossibility. 

119». Whatis cotton,? 

Cotton is a species of vegetable wool; produced by the cotton? 
shrub, called, botanically, Gossypium herbaceum, of which there are 
numerous varieties. It grows naturally in*. Asia, -. Africa, . and 
America, and is cultivated largely for purposes- of commerce: 

The precise time when the cotton manufacture was introduced into England ia 
unknown } but probably it was not before tho 17th century. Since then, what 
wonderful advances have been made I The cotton trade and manufacture have 
become a< vast source of British industry, and of commerce between nations. It . 
was some years ago calculated that -the cotton manufacture yielded to Great 
Britain one thousand millions sterling. The names of Hargreaves, Arkwright, 
Crompton, Cartwright, and others, have become immortalised by their inventions 
for Abe improvement of the manufacture of cotton fabrics. Little more than 
half a century has passed since the British cotton manufactory was in it* infancy 
—now it engages many millions of capital— keeps millions of work pss olo 
employed; freights .thousands of ships that are ever, crossing, and re-crossing 
the seas ; and binds nations together in ties of mutual interest. The present 
yearly value of cotton manufactures in Great Britain is estimated at £34,060,000. 
About £6,044,000 of the above sum is distributed yearly among working people 



1200. What i**ffibY' 

Silk, though .not dbectly^ a vegetable product* is, .nevertheless, 
indirectly derived from < the vegetable creation; since . it is a thread ? 
spun by the silk -worm from matter -which the worm derives from 
thbmuiberrpleqf. 
Sffir'iseuppfied by- various ps*te*o£ thOuWorM - inohsdina>China, the/Jsat* 
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• And there ni§ a man in^Maon, whose possessions were in Qarmel ; -.and the 

mau'was very great, and he-had three thousand sheep, and a thousand goats : 

and he was shearing hi* sheep in Oarmel/'—i Samuel xxv. 



' Indies', Turkey, Ac., where the sUfewoim has been found to thrive. The attempts 
that have been hitherto made to cultivate it in this country have proved 
unsuccessful. At Borne, in the time of Tiberius, a law passed the senate which, 
as well as prohibiting the wearing of massive gold jewels, also forbade the men 
fadebase themselves by wearing, silk. There was a time when silk was of the 
same value as gold— weight for weight— and it was thought to grow upon trees. 
It is recorded that silk mantles were worn by some noble ladies at a ball at 
Kenilworth Oastle, 1986. It was first manufactured in England in 1804. In the 
reign of Elizabeth, the manufacture of silk in England made rapid strides. In 
1866, there were 40,000 persons engaged in the silk trade. The silk throwsters 
of the metropolis were enrolled in a fellowship in 1662, and were incorporated 
in 1629. In 16S5, a considerable impetus was given to the English silk manu- 
factures. Louis the Fourteenth of Prance revoked the edict of Nantes. The 
edict of Nantes was promulgated by Henry the Fourth of France in 1608. It 
gave toe the Protestants of France the free exercise of their religion. Louis 
the. Fourteenth revoked this edict in 1685, and thereby drove the Pro- 
testants as refugees to England, Holland, and parts of Germany, where they 
established various manufactures. Many of these French refugees settled in 
Spitalfiflldfl, and there founded extensive manufactories, which soon rivalled 
■those of their own country;, and thus the intolerance of the king was justly 
.punished. What .important facts we seo connected with the simple thread of 
thesils>warm! 

1201. What is wool'? 

*WbbI is a kind of soft hair or coarse down, produced by various 
. animals, but chiefly by.sheep. 

This is another of the useful productions of nature, for which we are 
indirectly indebted to the vegetable kingdom ; for were it not for the rich 
pastures forming the green carpet of the earth, it would be impossible for man 
to keep large flocks of sheep for the production of wool. "Wool, like the hair of 
most animals, completes its growth in a year, and then exhibits a tendency to 
fall off. For the production Of wool in England and Wales it has been estimated 
that there are no less than 27,000,000 sheep and lambs; and, in Great Britain 
and Ireland, the total number is estimated at. 82,000,000. Wool was not 
manufactured in any quantity in England until 1831, when the weaving of it 
was introduced by John Kemp© and other artisans from Flanders. The expor- 

■ tation or non-exportation of wool has from time to time formed a vexed subject 
for legislators. Woollen clothes were made an article of commerce in the reign 
of Julius Cttsar. They were made in England prior to 1200. Blankets were 
first -made in England in 1840. The art of dyeing wools was first introduced 

- .into England in 1608. The annual value of the raw material in wool is set down 
at £A>MMl600 ; the wasps of workmen engaged in the wool trode, £9tl00y000, 
The number of people employed is said to be 600,000. 

1202. What is starch? 

Starch is one of the most useful products of the vegetable 
.kingdom. As a rule, a vegetable, if nutritious at .all, is so 
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"Every good gift »nd every perfect gift is from above, and oometh down from 
the Father of lights, with whom is no variableness, neither shadow 

of turning."— June i. . 

according to the amount of starch which it contains. It is most 
abundantly found in the seeds of plants, and especially in the 
wheat tribe. 

It is also met with in the cellular tissues of plants, and especially 
in such underground stems as the potatoe, carrot, turnip, Sfc, and 
the stems of the sago-palm fig, Ac. It is also found in the bark of 
some trees. 

1203. Why is the horse chesnut, though containing a great 
quantity of starch, unfit for food? 

Because (like many other vegetable productions) it contains with 
the starch an acrid juice, which renders it unhealthy ; and although 
the juice can be separated from the starch, the process is too 
expensive to be made generally available. 

The starch which is used for domestic purposes is an artificial preparation, 
and does not properly represent the starch of nutrition. A better idea of it is 
afforded by the meal of a flowery potatoe. The starch used by laundresses is 
frequently prepared from diseased potatoes. This does not impair the quality 
of the starch, for the purposes of the laundress, and the reason why potatoes 
that are diseased are thus applied is, that it is one method of saving some part 
of their value. The finest kinds of starch are prepared from rice. It is 
prepared by breaking the pulp, and disengaging the starch from the cells; and 
it is then put through other processes to remove the fragments of the broken 
cells. But in the flowery meal of the potatoe, the starch cell may be seen 
entire. 



CHAPTER LXII. 

1204. What are vegetable oils and fats? 

Vegetable oils and fats constitute, next to starch and sugar, the 
most important secretion of the vegetable creation. There are very 
few plants from which some amount of oil cannot be obtained ; and 
those which are famed for yielding it owe their celebrity rather 
to the abundance that they yield, and the peculiar qualities of their 
oil, than to the secretion of oil being rare — for probably there is no 
plant without it. 

Oil is most commonly found in seeds, as rape-seed, Unseed, Ac., 
but it is found also in leaves, as in the rose, sweet-briar, peppermint, 
Ac., where its presence may be recognised by the distinguishing 
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" Ointment and perfume rejoice the heart ; so doth the sweetness of a man's 
friend by hearty counsel/*— PaovEBBS xxyii. 



perfume ; and it is also found in the wood of a few trees, such as the 
sassafras and the sandal-wood ; the hark frequently yields an oily 
secretion. 

The London and North Western Railway Company alone use about 50,000 
gallons of oil yearly. 

1205. Why are fat and oil found most abundantly in the 
bodies of animals in cold climates ? 

Because they contribute to keep the bodies of animals warm, 
not only by their non-conducting property keeping in the heat of 
the animals, but by supplying carbon abundantly to combine with 
oxygen during respiration, and thereby developing animal heat. 

1206. Why are oil and fat-forming trees found most 
abundantly in hot climates ? 

Because, in hot countries, the formation of large quantities of fat 
in animal bodies would oppress living creatures with heat ; fats and 
oils are, therefore, produced in those countries chiefly by vegetables, 
and are used externally by the Asiatics and Africans as an external 
unction for cooling the shin, and as perfumes which give inspiriting 
properties to the air, rendered oppressive by excess of heat. 

1207. Why are succulent fruits most abundant in tropical 
climates ? 

Because they are rendered necessary in those climates by the 
excessive heat, and are found to have a most beneficial effect in 
cooling, purifying the blood of the inhabitants of tropical countries ; 
while the grandeur of their foliage, and the richness of their flowers, 
are in perfect keeping with the intensity of light and heat, and 
serve, by throwing dense shades over the earth, to cool its surface, 
and to offer to living creatures a pleasant retreat from the rays of 
* the burning sun. 

The following sketch of Botanical Geography should be read attentively after 
the reader has gone through the whole of the Chapters of "Reasons." The 
technical terms employed in the course of the article are nearly all explained at 
1218, and should be committed to memory at the commencement of the perusal. 
Mimosa means a sensitive plant ; concentric zones, circular lines spreading from 
a centre ; arborescent, resembling trees ; Oraminea, grass-like. The botanical 
names represent individual plants. 

1208. When treating of the geographical distribution of vegetables, we have to 
mark the general arrangements indicated, and the agencies that have evidently 
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"Blamed is the man that walketh not in the eounaal«Of tbAaingodJy, nor 
standeth in the way of sinners, nor srtteth in the seat oft the scornful: " 
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operated in promoting the diffusion of floral- tribes. Vegetation occurs over the 
whole globe, therefore, under the most opposite conditions. Plants flourish in 
the bosom of the ocean as well as on land, under the extremes of cold and heat 
in polar and equatorial regions, on the hardest rocks and the soft siluvtam-ofr 
the plains, amidst the perpetuaLsnow of lofty mountains, and in spnVnsjrat the 
temperature of boiling water, in situations never penetrated by the solar rays, 
as the dark, vaults of caverns, and the walls of mines, as well as freely exposed, 
to the influences of light and air. But these diverse circumstances have 
different species and genera. There is only oneetate which, seems i fatal to the> 
existence of vegetable life— the entire absence of humidity. 

1209. By species we understand so many individuals as intimately resemble 
each other in appearance and properties, and agree in all their pennanent . 
characters, which are founded in the immutable laws of. creation. An 
established species may frequently exhibit new varieties, depending upon local 
and accidental causes, but these are imperfectly, or for a limited time, if alalia 
perpetuated. 

1210. A genus comprises one or more species similar to each other, but 
essentially differing in formation, nature, and in many adventitious qualities 
from other plants. A tribe, family, group, or order, comprises several genera. 

1211. The known number of species in the vegetable kingdom has been 
gradually enlarged by the progress of maritime and inland discovery; but 
owing to great districts of the globe not having yet been explored by. the 
botanist, the interior of Africa, and Australia, with sections of America, Asia, 
and Oceanica, it is impossible to state the exact amount. . The successive 
augmentation of the catalogue appears from the numbers below? 

Species. 

Theophrastus 500 

Pliny 1,000 

Greek, Roman, and Arabian botanists . . 1,400 

Bauhin 6,000 

Linnaeus 8300 

Porsoon 27,0*0 

Humboldt and Brown 38vM0 

DeCandolle 56,000 

Lindley 86,000 * 

Hinds 89fcM0 

1212. Vegetable forma are divided* into three great classes which differ 
materially in their structure:— 1. Cryptogamous plants — those which have 
no flowers, properly so called, mosses, lichens, fungi, and ferns : as distinguished 
from those which are phsenogamous, or flower-bearing, to which the two* 
following classes belong. 2. Endogenous plants, which- haw stems increasing 
from within, also called Monocotyledons, from having -only oneeeed-lohe, aa the 
numerous grasses, lilies, and the palm family. 3. - E roge no us plants,, which, 
have stems growing by additions from without, also mllnrt Ttirntnhslfini, fmwi 
the seed •consisting of two lobes, the most perfect, beautiful, ai 
class, embracing the forest trees, and most flowering shrubs and herds, 

1213. The exogens furnish examples of gigantic size, and great longevity.' In 
South America on the banks of the Atabapo, Httmbeldt museuiud a Hifisi 
taib* more than ISO feet* high, and 15 in diameter j and- near Camaaa, he found 
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He shall be like a tree/planted *y the rivers of .water,* that bringeth forth his 
i fruit in mason :. his leaf ateo> shall not wither ; • and whatsoever he doeth 
•shall prosper."— Psjxx i. 

the Aawaw xfe* Gios^a^ a species of mimosa, the pendant branches of the 
hemispherical head, having a ckoumferenoe of .'Upwards of 600 feet. The 
ufdaiMenta, or baobab of Senegal, though* attaining no< great height, rarely more 
than fifty met, ha*, a trunk with aidiameter sometimes amounting to-34 feet ; 
while the P*$^*J^tmbeHiana, Rowing singly on the plains west of the Becky 
Mountains, 'has been fuund 260 feet high, 60 feet in oircumference at the base, 
4|:feet in girth. at the height of 190 feet,, yielding cones 11 inches round, and 16 
.Jong. The Mem Indians, or banian tree, sending out shoots from its horizontal 
branches, which, reaching the ground take root, and form new. stems till a 
single tree multiplifis almost to a forest, haabeen observed covering an area of 
1700 square yards. 

. 1214. From the* number of concentric zones observed in a transverse section 
'.of the. sterna Be Gaudolle advaneee.proof <>f the'foJlowang ages : 



Cypress f about 350 

■Ajhe iroo t cm on „ ,400 „ 

1*7 ........ . . 450 ,„ 

.Lareh 576 „ 

Orange 630 „ 

OHee 700 „ 

.Oriental Plane . .„ 720 „. and upwards. 

Cedar of Lebanon „ 300 ,„ 

Oak .810, 1080, 1600 „ 

.Lime .. .. .. 1076; 1147 .„ 

Tew 1214,1458,2588,2880 „ 

Tazodium 4000 to 6000 „ 

Boabab . 5150 „ 

1215. Admitting, with Professor Hcnslow, that De Candolle overrated the ages 
of these trees one-third, they are examples of extraordinary longevity. Yew 
trees upwards of 700 years old remain at Fountains Abbey, Yorkshire, as there 
is historio evidence of their existence in the year 1133. But a yew in the church- 
yard of Darley4n~the-Dale, Derbyshire, is considered by Mr. Bowman as 2000 
years old. 

1216. The cryptogamous. plants afford the most numerous examples of wide 
diffusion. A lichen indigenous in Cornwall, sticta awrata, is alsoa native of the 
ITest India Islands, Brazil, St Helena, and the Cape of Good Hope ; while 33 
lichens. and 28 mosses areoommon to Great Britain and Australia, though the 

' general vegetation of the two districts is remarkably discordant. Some speoies 
Of endogenous plants are also widely distributed, the Phleum alpinum of 
Switzerland occurring without the slightest difference at the Strait of Magellan, 
•and the quaking grasses of Europe in the interior of Southern Africa. But only 
an very few instances are the same species of exogenous plants met with in 
regions -far apart from each other ; and generally speaking, in passing from one 
country to another, we encounter anew flora ; for if the same; genera occur, the 
speoies are not identical, while in distr cts widely separated the genera are 
different. 

1217. The cryptogamic plants, mosses, lichens, ferns, and fungi, are to the 
whole mass of ph»nogamic vegetation in the following proportions in different 
districts : Equatorial latitudes; deg. to 10 deg. ; on the plains, l-25th, on the 
mountains, l-0th ; mean latitudes, 45 deg. to 52 deg. \ ; high latitudes, 67 deg. 
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" To give onto them beauty fbr ashes, the oil of joy for mourning, the garment of 
praise for the spirit of heaviness ; that they might be called Trees of righteous- 
ness, The planting of the Lord, that he might be glorified."— Isaiah lxi. 

70 deg., proportion about equal Thus the proportion of the flowerless vegetation 
to the flowering incr e as es from the equator to the poles. But the family of ferns, 
fiUces, viewed singly, forms an exception to this law, d ecr ea s ing as we depart 
from equinoctial countries, being l-20th in equatorial and l-70th in mean 
latitudes, and not found at all in the high latitudes of the new world. 

1218. In equinoctial and tropical countries, where a sufficient supply of moisture 
combines with the influence of light and heat, vegetation appears in all its 
magnitude and glory. Its lower orders, mosses, fungi, and confervas, are very 
rare. The ferns are aborescent. Reeds ascend to the height of a hundred feet, 
and rigid grasses rise to forty. The forests are composed of majestic leafy ever- 
green trees bearing brilliant blossoms, their colours finely contrasting, scarcely any 
two standing together being of the samespsoies. Bnormouscreepers climb their ,. 
trunks; parasitical orchids hang in festoons from branch to branch, and 
augment the floral decoration with scarlet, purple, blue, rose, and golden dyes. 
Of plants used by man for food, or as luxuries, or for medicinal purposes, 
occurring in this region, rice, bananas, dates, cocoa, cacao, bread-fruit, coffee, tea, 
sugar, vanilla, Peruvian bark, pepper, cinnamon, cloves, and nutmegs, are either 
characteristic of it as principally cultivated within its limits, or entirely confined 
to them. 

1219. Bice COryza-tativa), the chief food of, perhaps, a third of the human 
race, is cultivated beyond the tropics, but principally within them, only where 
there is a plentiful supply of water. It has never been found wild; its native 
country is unknown ; but probably southern Asia. 

1220. Bananas, or plantains (Muta tapientum etparadisiaca), are cultivated 
in intertropical Asia, Africa, and America. The latter species occur in Syria. The 
banana is not known in an uncultivated state. Its produce is enormous, 
estimated to be on the same space of ground to that of wheat, as 133 to 4, and to 
that of potatoes as 4s to 1. 

1221. Dates (PTutnix dactylifera), and cocoa (Cocoa nucifera), belonging to 
the family Palnue. The palms, remarkable for their elegant forms and impor- 
tance to man, contribute more than any other trees to impress upon the vege- 
tation of tropical and equinoctial countries its peculiar physiognomy. The 
date palm is a native of northern Africa, and is so abundant between the . 
Barbary states and the Sahara, that the district has been named Biledul rerid, 
the land of dates. As the desert is approached, the only objects that break the 
monotony of the landscape are the date palm, and the tent of the Arab. It 
accompanies the margin of the mighty desert in all its sinuosities from the 
shores of the Atlantic to the confines of Persia, and is the only vegetable 
affording subsistence to man that can grow in such an arid situation. The 
annual produce of an individual is from ISO to 2601bs. weight of fruit. The 
cocoa palm furnishes annually about a hundred cocoa-nuts. It is spread 
throughout the torrid zone ; but occurs most abundantly in the islands of the 
Indian archipelago. The family of palms is supposed to contain a thousand 
species, some of large size, forming extensive forests. 

1222. Cacao (Theobrama cacao J f from the seeds of which chocolate is 
prepared, grows wild in central America, and is also extensively cultivated in 
Mexico, Guatamala, and on the coast of Cumana. 

1223. Bread-fruit tree (Artocarpus incisaj, a native of the South Sea Islands, 
and Indian archipelago, grows also in Southern Asia, and has been introduced 
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"And they returned and prepared spiees and ointments ; and rested the 
Sabbath-day, according to the commandment."— Luke hit. 



Into the tropical parts of America; but the fruit is not equal to the banana as 
an article of human food. 

1224. Coffee fCoffea Ardbioa). The bush has probably for its native region 
the Ethiopian Highlands, from whence it was taken in the fifteenth century 
to the Highlands of Yemen, the southern part of the Arabian peninsula. It 
has been introduced, and is now extensively cultivated in British India, Java, 
Ceylon, the Mauritius, Brazil, and the West Indies, but the quality is inferior, 
which makes the climate of the Mocha coffee district of importance, as 
peculiarly favourable to the plant. It grows there on hills described by 
Niebuhr as being soaked with rain every day from the beginning of June to the 
end of September, which is carefully collected for the purpose of irrigation during 
the dry season. Forskhal gives the following temperatures in the district : 

BoitelFakih ... March 16, 7 a.m. 76deg. Ip.ic95deg. 10 p.m. 81 deg. 
... » 18, „ 77 „ 95 „ 81 

Hodeida „ 18, „ 73 „ 92* „ 78 

Buigosa, a village ' 

in the hills ... „ 20, ,, 69} „ 85* „ 73 

1225. Tea (Thea Chinensis). The plant is indigenous in China, Japan, and 
Upper Assam. In the latter country, it has recently been found in a wild state, 
and is in process there of extensive cultivation. As the plant is hardy, its culture 
has very lately been attempted in the South of France, and apparently with 
complete success. A similar experiment on the burning plains of Algeria com- 
pletely failed, all the plants being killed by the heat, notwithstanding every 
precaution. Tea was first introduced into Europe by the Dutch in 1666. The 
leaves of the coffee-plant have long been used as a substitute for tea, by the 
lower classes in Java and Sumatra; and recently, Professor Blume, of Leyden, 
exhibited samples of tea prepared from coffee-leaves, agreeing entirely in ap- 
pearance, odour, and taste, with the genuine Chinese production. 

1226. Sugar-cane (Saccharum officinaramj, a species of Graminea, occurs to 
some extent without the tropics, having been cultivated centuries ago in 
Europe, as at present scantily in the South of Spain. But it properly belongs to 
the torrid zone, and has for its principal districts, the Southern United States, 
the West Indies, Venezuela, Brazil, the Mauritius, British India, China, the 
Sunda and Philippine Islands. The plant was found wild in several parts of 
America on the discovery of that continent, and occurs in a wild state on many 
of the islands of the Pacific. 

1227. Vanilla fVaniUa aromaticaj, the fruit of which forms the well-known 
aromatic, grows wild principally in Mexico. 

1228. Peruvian bark {Cinchona officinalis), a forest tree, of whioh there are 
several species, furnishing the valuable medicine so called. It is exclusively 
confined to South America, and grows chiefly on the Andes of Loxa and 
Venezuela. 

1229. Pepper (Piper nigrum) belongs exclusively to the Malabar coast, 
where it has been found wild, Sumatra, which produces the greatest quantity, 
Borneo, the Malay peninsula, and Siam. Other species of Piperaeem occur in 
tropical America. 

1280. Cinnamon {Lauras Oinnamomum), a small tree yielding the aromatic 
bark, is found native only in the island of Ceylon ; but another species occurs in 
Cochin China. 
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" I am the true vine, and my Father is the husbandman/'— Jomr xv. 



1281, Clove {Mwrt*toaryopbtfhut),iai evergreen Bniatt tree, the idriedflowcr- 
buds of which form the celebrated aromatic, grows iiaturailytm.the^Mamcoafi, 
whence it has been oonveyed • to> other tropical districts. The - island of 
. Amboyna, one of that group, is the principal seat of its cultivation. The lowest 
temperature there is 72 dsgs, ; the mean temperature «f the year sa4egs. 

1182.' Nutmeg fMyrttieamotdhataJ grows natursftly m several: ftlands'Of the 
eastern archipelago, but is principally cultivated in the Band*' isles. 

Tropical families and forms successively vanish with an increase of distance 
from the equator, and new phases of vegetation mark the transition from hot so 
temperate climates. Vividly green meadows, abounding with tender • herbs, 
replace the tall rigid grasses which form the impenetrable jungle v and instead 
of forests composed of towering evergreen trees, woods of the deciduous class 
appear, which cast their leaves in winter, and hybernate in the colder season, 
the oak, ash, elm, maple, beech, lime, alder, birch, and sycamore. The cnlUva- 
- tion of the vine becomes characteristic, with the perfection of the cereal 
grasses, and a larger proportion of herbaceous annuals and oryptogamic plants. 

1233. The vine (Vitia viniferaj is less impatient of a cold winter than.a oool 
summer. Hence its northern limit, which coincides with lat. 47 deg. 30 min. on 
the west coast of Prance, rises in the interior, where, though the winters are 
colder, the summers are warmer, to lat. 49 degs., outs the Shine at Coblenta in 
lat. 60 deg. 20 min., and ascends to 52 deg. 31 min. in Germany. 

1234. Receding further from the equator, magnificent forests of the fir-and 
.pine tribe, prevail,' as in the central parts of Russia, on the southern shores. of 

the Baltic, in Scandinavia, And North America. But some of the cereals are no 
longer cultivatable, and several, timber-trees common to the temperate sone do 
not reach its northern limits. Gradually all ligneous vegetation disappears 
entirely as higher latitudes are /approached, the .woods having, first .dwindled to 
mere dwarfs in struggling with the elements, hosti'e to that state which nature 
destined them to assume. The limit of the forests is a sinuous line running; 
along the extreme north of the old world ; and extending from Hudson's Bay, 
lat. 60 deg., to the' Mackenzie River, lat. 68 deg., and thence to Behring's Strait. 
The dwarf birch (Betula nana), a mere bush, is the last tree found on drawing 
. near the eternal snow Of the pole. At the island of Hammerfest, lat. 70 deg. 
40 min., near the' North Cape, it rises to about the height of a man, in sheltered 
hollows between «the mountains, its lower branches trailing on the ground, 
affording a shelter to the ptarmigan. In the polar zone, some low 'flowering; 
•animals, saxifrages, ranunculi, gentians, chickweeds, and others, flourish 
during the brief ardent summer; a few perennials also accommodate them- . 
-.selves to the. rigorous elimste by spreading laterally, never rising higher than 
four or five inches from the ground ; till finally no development Of vegetable life 
dsanefrwith, but lichens,, and the microscopic terms that oolour the snow. 

1236. In Europe, wheat ceases with a line connecting Inverness inBcotland, 
JaLflS deg.,3)m>ntneim in Norway, lat. 64 < deg., and Petersburghin i Russia lat. 
SOiaeg. 16 main. 'Oats reach a somewhat jhtgher latitude. BarieyandTyeaseend 
to lat. 70 deg., but require a favourable.aspect and season to produce acrop. 

1286. The northern limit of the growth of oak, lat. 61 deg., falls short 6f that 
tfssnbsat. The >oak makes a-wngular leap at the confines of Eawope and' Asia, 
{disappearing towards the UxaLmottntains. This is the casea Isonsith the wfld- 
nut and apple. The oak and the wild-nut, however, re-app'jar suddenly in 
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" He hath made the earth by his . power, he hath, established the werld by his. 
wisdom, and hath stretched out the heavens by his discretion."— Jeremiah x. 



Eastern Asia, on the banks of the Argoun and the Amour; and the apple occurs 
again in the Aleutian Isles. 
1237. The following are the northern limits of Several trees in Scandinavia: . 

Lat> 

Beech, Vagus siloatica 

Hard Oak t Quercu& robur 

Common Elm, Ulmus campestHs 

Common Lime, Tilia communis 

Common Ash, Fraxinus excelsior 

Fruit trees • .... 

Hazel, Corylus aveUana 

Spruce Yir,MiesexceUcu . 

Service Tree, Sorbins jaucuparia 

Scotch Fir, Pinus silvestris 

White Birch, Betula alba 

Dwarf Birch, Betula nana 



60deg. 


Omiu. 


61' „ 


6 „ 


61 „ 


„ 


61 „ 


„ 


62 „ 


„ 


68 „ 


„ 


64 „ 


„. 


67 „ 


40 „. 


70 „ 


o „ 


70 „ 


o „ 


70 „ 


40 „. 


71 „ 


,. 



1238. Tiius distinct vegetable regions are observed on passing from south to 
north through different climatic zones, denned as to their limits by the 
isothermal curves, and not by the parallels of latitude. Similar changes of vege- 
tation mark a perpendicular transit through varying climates. A succession of 
plants appear on the tropical mountains which rise above the snow line, corres- 
ponding to those which are encountered in mean and high latitudes. The 
higher we ascend, the more does the number of the phaenogamic class diminish 
in proportion to the cryptogamic, till only members of the latter family are 
found, whose further progress upward is arrested by the everlasting snow. The 
last lichen met with by Saussure on Mont Blanc, SUene acauUs, was also 
observed by M. Brevais in the neighbourhood of Bosekop, lat. 69 degj 58 min* 
where it was vegetating on the sea-shore, shaded by the last pines of Europe. 

1239. Isolated mountains display to the best advantage the effect of climatic 
change of vegetation. 

1240. Etna is divided into three great regions : La Regions Culta .«•> fertile re- 
gion; La Regions Syloosa, or woody region ; La Regions Deserta, >fee bare or 
desert region. But each of these is susceptible of sub-divisions, defined by the 
presence of certain families of plants, forming seven botanical zones. 

1. The sub-tropical zone, which does not rise more than 100 feet above tho 
evel of the sea, is characterised by the palm, banana, Indian fig, sugar-cane,. 

varities of mimosa^andaccaoia, which with us are only found in conservatories. 

2. The hilly #one rises- about 2,000 feet, characterised by the orange, lemon, 
shaddock, maize, cotton, and grape plants. 

3. The woody zone lies between the height of 2,000 and 4,000 feet, where the 
cork-tree flourishes, several kinds of oak, the maple, and enormous cheszrats. 

4. The zone between the height of 4,000 and 6,000 feet is distinguished by the 
beech, Scotch fir, birch, and, among small plants, by clover, sandwort, chiuk- 
weed, dock, and plantain. 

5. The sub-alpine zone, between the elevation of 6,000 and 7,600 feet, produces 
the barberry, soap-wort, toad-flax, and junipexv 

6. The zone between 7,500 and 9,000 feet, has almost all the plants of the pi*o 
ceding, with the fleshy and jagged groundsel. 
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"In the mountain of the height of Israel will I plant it; and it shall bring 
forth boughs, and bear fruit, and be a goodly cedar: and under it shall dwell all 
fowl of every wing ; in the shadow of the branches thereof shall they dwell."— 

EZBKJEL XVII. 



7. The narrow zone between 9,000 and 9,200 feet, only produces a few lichens, 
beyond which, there is complete sterility. 

1241. The Peak of Teneriffe exhibits five botanical districts, thus distinguished 
by Yon Buch : 

1. The region of Africa forms, 0—1,248 feet, comprising palms, bananas, the 
sugar-cane, various species of arborescent Euphorbia, Mesembryanthema, the 
Draccena, and other plants, whose naked and tortuous trunks, succulent leaves, 
and bluish-green tints, are distinctive of the vegetation of Africa. 

2. Region of Vines and Cereals, 1,248—2,748 feet, comprising also the olive, 
and the fruit-trees of Europe. 

3. Region of Laurels, 2,748— 4£50 feet, including lauri of four species, the wild 
olive, an oak, the iron-tree, the arbutus, and other evergreens. The ivy of the 
Canaries and various twining shrubs cover the trunks of the trees, and nume- 
rous species of fern occur, with beautiful flowering plants. 

4. Region of the Fines, 4,850—6,270, characterised by a vast forest of trees 
resembling the Scotch fur, intermixed with juniper. 

5. Region of the Retama, 6,270—11,061 feet, a species of broom, which forms 
oases in the midst of a desert of ashes, ornamented with fragrant flowers, and 
furnishing food to the goats which run wild on the Peak. A few gramineous 
and cryptogamic plants are observed higher, but the summit is entirely des- 
titute of vegetation. 

1242. There are many plants which can accommodate themselves to the most 
diverse climates and localities; and therefore ascend from the plains close to the 
boundary of vegetable life on the highest mountains. But it is the general law 
in these cases for such plants to be singularly modified in appearance and 
anatomical structure as they ascend. The spring gentian, Gentian* verna, 
is one of the exceptions, which Raymond found unaltered at all heights in the 
Pyrenees. 

1248. Trees, plants, and bushes, of humbler growth, which occur on the plains 
and at great heights, are usually much smaller in the latter situation. The 
leaves, and everything green about them, dwindle with the increased elevation ; 
and the pure, well-defined green is exchanged for an ill-defined light yellow. 
Singular enough, those parts which seem most capable of resisting cold, as the 
leaves and stalks, are uniformly subjected to a diminution of their vital 
functions ; while the flowers remain of the same size, are never deformed, and 
become more dense and richer in their colours. "While the Myosotis silvestris 
becomes stunted, its flowers assume an intense blue— the acumration of the 
traveller. The flowers of the pale primrose have a much deeper colour on the 
top of the Faulhorn, while the plant itself is much smaller than its congener on 
the Swiss plains. The observations of M. Parrot, among others, are to this 
effect on the flora of the Caucasus, of Ararat, the Swiss and Italian Alps, and 
the Pyrenees. The arctic flora is similarly distinguished. 

1244. The preceding references to different climatic states are, however, 
perfectly inadequate to explain the phenomena of vegetable distribution. While 
an analogy is often observable between the plants of different regions under 
corresponding circumstances of latitude, elevation, and soil, the species are 
generally found to be different ; and usually the botanical character of countries 
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** From the rising of the inn, unto the going down of the tame, the Lord's name 
is to be praised."— Psaix cxiii. 



not widely apart from each other, is totally different, though under the same 
parallels. 

1245. Some plants are entirely confined to one side of our planet. The 
beautiful genus Erica, or heath, of which there are upwards of 300 species, 
occurs with breaks over a narrow surface, extending from a high northern 
latitude to the Gape of Good Hope. But the whole continent of America does 
not contain a single native specimen ; nor has a Pcmia been found in it, except 
a solitary one to the west of the Rocky Mountains. On the other hand, the New 
World contains many families, as the Cacti, which are not found naturally in 
the Old. 

1246. Some plants occur in a single specific locality, frequently a contracted 
area, and nowhere else. The beautiful Bisa grandiflora is limited to a spot on 
the top of the Table Mountain at the Cape ; and the celebrated cedar of Leba- 
non appears to be restricted in its spontaneous growth to the Syrian moun- 
tains. The small island of St. Helena has an indigenous flora, with a few excep- 
tions different from that of the rest of the globe. 

1247. Mountain chains of no great width very commonly divide a totally dis- 
tinct botany. There is a marked difference in the vegetation of the Chilian and 
opposite side of the Andes, though the climate as well as the soil is nearly the 
same, and the difference of longitude very trifling. In North America, two com- 
pletely different classes of vegetation appear on the two sides of the Rocky 
Mountains. A variety of oaks, palms, magnolias, azaleas, and magnificent 
rhododendrons occur on the eastern side, all of which are unkn own on the 
western, the region of the giant pine. 

1248. The distinct vegetation possessed by various parts of the globe, has led 
to its division into botanical kingdoms or phyto-geographical regions, named in 
general after the genera that are either peculiar to them, or predominant in 
them. The arrangement of M. Sohouw. which is usually adopted, discriminates 
twenty-five great provinces of characteristic vegetation upon the surface of the 
earth. 

In constituting any portion of the globe into a phyto-geographical region, M. 
Schouw has proceeded upon the following principles :— 1. That at least one-half 
of the species should be indigenous in it. 2. That a-quarter of the genera 
should also be peculiar to it, or at least should have a decided maximum. 3. 
That individual families of plants should either be exclusively confined to the 
region, or have their maxima there. 

1249. The phenomena of botanical geography, and the facts of geology, are 
mutually illustrative. The existing dry land having been upheaved above the 
waters at different epochs, it may be reasonably inferred that each portion on 
its emergence received a vegetable creation in harmony with its position. The 
ultimate constitution of the general surface into different botanical, kingdoms 
would hence follow, each of which has preserved its primitive features, while 
adjoining, and even far distant foci, have to some extent intermingled their 
fespeotive products, under control of the natural agencies of diffusion. 

1280. The agents that involuntarily officiate in the diffusion of vegetable pro- 
ducts are the atmosphere, the waters, and many animals. 

1. The impulsion of the atmosphere in its calmest state, is quite sufficient to 
transport to considerable distances seeds furnished with downy appendages or 
winglete, as is the ease with many planty with the minute sporules oj 

L 
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"He shall come down like riin upon the mown grass, at showers that water the 
earth."- P&llk inn: 

oryptdgamfrf, which' are light as the finest powder. 'When ordinarr breos e s 
oonvey the sand -dust of the Sahara a thousand miles or more from the desert, 
it-may be conoetred that seeds, which are comparatively heavy, are borne far 
lrtehomety the hurricane. Twe Jenrtca tiohens, which had never been seen 
in Prance before, were found by Be Caudolle growing on the coast of Britten* 
the^fWprtag of sporules which had been swept over the Atlantic. 

& Taw mountain- torrent washes- down into the valley the seeds that have 
atftMenteMy fallen into it, or hare been swept away by its overflows ; and henoe 
the plants of the High Alps occur on the plains of Switzerland, which are 
entirely wanting in France and Germany. Rivers answer the same purpose 
more extensively, and also the oceanic currents. The nicker-tree, one of the 
leguminous tribe, has been raised from seed borne across the Atlantic by the 
Gulf stream. 

&. Animate of the* sheep and goat kinds, with the horse, deer, buflalo, and 
others, widely disperse several species of plants, the seeds of whioh, furnished 
with an apparatus of barbs and hooks, adhere to their coating. Seeds also of 
various kinds pass through the digestive organs of birds, uninjured as to their 
vitality. The little squirrel buries the acorn in the ground for winter 
provender, and sows an oak, if prevented from returning to the, spot. 

1201. Plants capable of extended neutralisation, and serviceable as articles of 
food or luxury, have been widely disseminated by the human race in- their 
migration* The cerealia afford a striking example. These important ni — o os 
known to the ancients, wheat, barley, oats, and rye, were the gifts of the Old 
World to the New. They are also importations into Europe; but the loose 
reports of the ancients, and the diligent researches of the moderns, alike leave us 
in ignorance of their native seat. Probability points to the conclusion that they 
have spread from, .the neighbourhood of the great rivers of Western Asia, the 
primitive location of the human family; and it is not impossible that in that 
imperfectly explored district, or further east on the Tartarian table-land, some 
of the cereals may yet be found growing spontaneously. The first wheat sown 
in North America, consisted of a few-grains accidentally found by a negro slave 
of Oofies, among the rice taken for the support of his army. In South America 
the first wheat was brought to lima by one of the early colonists, a Spanish lady, 
Iffaria d'Sseobar. An ecclesiastic* Jose Bizi, was the first to sow- it in the 
neighbourhood of Quito. 

120& Matee, or Indian cornfZea magsj, has-been dispersed in the Old World 
from the; New-; and also a more important produot, the potato (SSbfammm 
tnbm*mm# y the use of whioh now extends from the extremity of Africa: to 
Lapland, la Ohili, the native country of the plant, it occurs at present in % 
wild state.' The Spaniards imported it into Spain, and from* thence it waa 
communicated to Italy, It was first made known in England at a subsequent 
period from'Virgiiii^havmg been reoeived therefrom the Spanish colonists in 
South America, asdt is not » native of intervening Mexico. 

1268. The grape-vine, so extensively spread over Europe, is probably "not 
indigenous in any part of it. It chiefly owes its diffusion there to the Ramans, 
who ' received <it from the Greeks, to whom it most likely immediately oasne 
from the oonntry between the Black and Caspian Seas. The Romans into*- 
e^ced'most oTthe finer Buronean fruit-trees, some from Africa, as the 
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M To every thing there is a season, and a time to every purpose under heaven."— 

ECCLB8I1.8TB8 ni. 

pomegranate, but the great majority from Western Asia^ as the orange, fl& 
cherry, peach, aprioot, apple, and pear. A variety of the plum, the damson, or 
damascene, came from' the neighbourhood of Damascus during the Orussjdes. 
She mesne of the Amsbroset potato- to the importation efts* plantrftomahe 
same jqnarter into Europe. 

The ocean as well as the land has different botanical regions ; and changes 
of the vegetation are observed with the depth analogous to the variations of 
terrestrial plants with the height. Marine vegetation seems to have its vertical 
extent determined by the range of light in water, which varies with the 
Dewer<Jthe/aroaiid*heJ»i*eisje*en^^ 



SHATTER XXI II. 

1254. What are vegetable gums ? 

Vegetable .gums are secretions of plants which are generally 
soluble in water, and which subserve various useful purposes. 
Gum Arabic is one of the most important of this class of vegetable 
productions. 

Ghtitcwpereha is -an invaluable substance lately added to 
the list of known vegetable production*. It is obtained $y 
cutting the bark of trees of the class called Sapotacea. Its 
proper name, is gnttaOPnlo JRercha, ugutta imeaning.grum, and JRalo 
Percha is the island whence it is obtained. "But gtttta^perehaiB 
not, strictly, speaking, a.gtwn. 

India-rubber is also 'a vegetable secretion, improperly vailed 
elastic gum. It is obtained from the milky juice of various trees 
and plants, especially from the syringe twee, of Cayenne. 

1255. What are vegetable resins? 

^Vegetable resins are derived from the secretions 6f plants, and 
are generally distinguished from gums by being 'insoluble in 
water, but bemgisoluhle in spirits. 

When one of these substances is soluble in either water or spirits 
it is called a gum-resin. 

1256. What are vegetable acide ? 

Vegetable acids are chiefly obtained from fruit; but >also* abun- 
dantly from tceod, by distillation. 
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M Thou art the God that doest wonders."— Psalm Lxxvn. 



1257. What is tannin t 

Tannin is a vegetable production, obtained chiefly from the oak- 
bark, and from a hrariety of other vegetable sources. It possesses 
the peculiar chemical property which renders it valuable in tanning 
leather. 

1258. What is opium? 

Opium is the produce of the poppy, and is obtained from the seed. 

1259. What are vegetable dyes ? 

Vegetable dyes are the various colours derived from the secretions 
of plants, such as indigo, madder, logwood, alkanetfoot, Sfc. 

1260. What is silica t 

Silica is a mineral substance, commonly known as flint ; and it 
is one of the wonders of the vegetable tribes, that, although flint is 
so indestructible that the strongest chemical aid is Tequired for its 
solution, plants possess the power of dissolving and secreting it. 
Even so delicate a structure as the wheat straw dissolves silica, 
and every stalk of wheat is covered with a perfect, but inconceivably 
thin coating of this substance. 

. Amid all the wonders of nature which we hare had occasion to explain, there 
i* none more startling than that which reveals to our knowledge the tact that a 
flint stone consists of the mineralised bodies of animals, just as coal consists of 
masses of mineralised vegetable matter. The animals are believed to have been 
infusorial animalcule, coated with silioous shells, as the wheat straw of to-day 
is clothed with a glassy covering of silica. The skeletons of animalcuUe 
which compose flint maybe brought under microscopic examination. Geologists 
have some difficulty in determining their opinions respecting the relation which 
these ariimalcuhe bear to the flint stones in which they are found. Whether 
the animal cule, in dense masses, form the flint; or whether the flint merely 
supplies a sepulchre to the countless millions of creatures that, ages ago, enjoyed 
each a separate and conscious existence, is a problem that may never be solved. 
And what a problem ! The buried plant being disentombed, after having 
lain for ages in the bowels of the earth, gives us light and warmth; and the 
animalcule, after a sleep of ages, dissolves into the sap of a plant, and wraps the 
coat it wore, probably " in the beginning, when God created the heavens and the 
earth, and when the earth first brought forth living creatures,*' around the 
slender stalk of waving corn ! 

1261. Why is silica diffused ever the stems of wheat, 
grasses, canes, Sfc. f 

Because it affords strength, density, and durability, to structures 
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" For in this mountain shall the hand of the Lord rest, and Moab ■hall be trodden 

down under him, even as straw is trodden down for the dunghill."— 

Isaiah xxv. 



that are very light, and which, but for this beautiful provision, would 
be exceedingly perishable. 

* 1262. Why is guano a productive manure ? 

Because it contains, with other suitable elements, an abundance 
of the silicons skeletons of animalcules. 

1263. Why does a wheat-crop greatly exhaust the soil? 

Because, as well as the carbon, and the salts, which form the 
straw and the grain, it draws off from the soil a great amount of 
silica. 

1264. Why is straw frequently used as a manure ? 
Because it gives back, with other substances, a considerable 

proportion of silica, in that form which adapts it to the use of the 
succeeding crop. 

1265. Why is the structure of herbaceous plants less 
consolidated than that of woody plants ? 

Because, for the most part, herbaceous plants last only a single 
year ; they, therefore, do not require the enduring qualities of plants 
that have to sustain the influences of the elements for a succession 
of seasons. 

1266. Why are the stalks of plants of light structure 
generally cylindrical? 

Because the cylindrical form is stronger than any other; at 
hollow cylinder, with moderately thick walls, is stronger than a 
solid rod, containing the same amount of material. 

1267. W hy do the stalks of plants become hollow ? 
Because the parallel and perpendicular fibres of the stalk are 

developed more rapidly than the horizontal. The growth of the 
plant, therefore, consists of a kind of divergence from the centre. 

1268. Why are the stomata, or pores of leaves, generally 
placed on their under surface ? 

Because, being placed on the under surface, they are shaded 
from the action of the sun's rays, and so carry on the function of 
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*ftdti«B«ftbeLwdarefliUbf«Rp: and thg oeasra «f Loh«Kn>irhioh he hath 
planted."— Psalm <ar. 



respiration -more actively -than if subjected to direct heat ; they are 
also protected from the injurious effects of dust.; and are moistened 
by evaporation from the earth's surface. 

1269. Why have plants a formation of pith in their 
centre? 

The pith is the chief organ of nutriment, especially in the young 
plant. It is the s tructure which fast conveys fluids .to, and 
reeeives them from, the newly-formed leaf. It communicates 
urith .« every .branch,, leaf, bud, and flower; and also. with the 
bark, through the medullary rays, which radiate horizontally 
from the centre of the plant. It is the centre of the movements of 
the sap which occur in the horizontal vessels ; and it holda an 
important influence over the life of the plant. 

1270. Why are trees covered with bark ? 

Because the bark serves to protect the woody structure, and also 
to give a passage to the descending sap which flows abundantly in 
the spring, and out of which the woody fibre is formed. . It is also, 
fanrits peculiar nature, well fitted to endure. the changes of .the 
se as ons for many yean ; and from its non-conducting properties it 
serves to maintain the equal temperature of the vital- parts of the 
tree. 

,1271. Wliatiscoth? 

Cork is the bark of a description of oak-tree, which .grows in 
great abundance in Spain, Italy, and France. 

1272. 'Why does the cork-tree release its own bark? 

Because it possesses a bark which is exceedingly useful to man ; 
and it seems, therefore, to have been the design of providence that 
the tree should cast it off, to be applied, to the wants 4>f the human 
family; for the cork-tree does not discharge ii» bark by themere 
cracking, or exfoliation, of its substance ; the tree retains the.. bark 
for a number of years, until it has attained that consistency and 
thickness which renders it useful, and then the tree forms within 
the bark a series of tabular cells, which cut off- the connection 
of ike bafJc utith the internal structure, after which it peels off 
>m large* sheets. 
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"And all the treosof the Held shall know tha*ItheL6i*t*v«Vet#rt6*wnthe 
high tree, havc^taite-dthe ldw tree/hav* dried upmfc*eea4reev and have made 
the dry treerto fltAirtoh^ I th«*ibrd h*mv&*^*ttakm**Mi*¥t^&M^ xvii. 

Man assists this evident ifftention' of nature, by slitting the bark 
from the top of the tree to its base ; bat even w*rei4hi&tfi<rt> ddntt 
the bark would be <»*fc<>ff.by the*tree itself v 

Anothttr.pwof of-dsesiirtt • iti thia«tififl adaptation of the cork- 
tree is to be ftwmdiflithe faot, that it thrive* uader tnaatnaiithat 
would destroy other trees. The cork-tree will endure- th*; basking:. 
proeeesfor««0e» or ^j«ow«iwy«^, 



CHAPTER LXIV. 

1273. Why are there curitniemarMny*' in wahwt; au$k6* 
gany, row-wood, satin-ioood; Sfc.f 

Because those* markings are produced by the various structure qfi 

the vessels by which the wood is formed ; and by successive . zones 
of wood, which indicate the periods of growth. 

The inolostute of tone within cone is> owtag to the mode in which the wood 1s 
produced, and the position in which it is deposited, "Wood is formed by the 
leaves during the growing season, and -passe? down towards the root between 
the bark and the <wood<of the previous year (if any), or in the position in which 
cambium is effused ; and, as the leaves more or less surround the whole stem, 
the new layer at length completes a zone, and perfectly encloses the wood of all 
former years. This is the explanation of the term «co#m»«*; which is* derived 
from two words signifying to grow outwardly, for the stem increases in thickness 
by successive layers on the outer side of the previously-formed wood. That 
this is the mode of growth has been abundantly proved by experiment, and -de- 
monstrated by accidental discoveries.* - Thus* if- a plate of metal be' inserted 
between the bark and wood, it will, in progress of time, become inclosed by the 
new wood which has overlaid them; So in like manner if letters • be out deeply 
through the bark and into the wood) theipaoMwill not "be nlled> up from the 
bottom, but may be seen in subsequent years overlaid by new wood. A state- 
ment appeared in a daily paper, during the past- year, to- the effect that in cut- 
ting down a treea oat had been -discovered inclosed in the wood of the trunk, 
These facts prove that the wood is applied from without. Again, if a branch be 
stripped of its leaves down to a certain point, it will not grow above thafc-$ei&ti 
and so, in like manner, if branches bosfcrtpped from one side of « tree, the tree 
will not grow on that side. If a circle of bark be removed from a branch above 
and also below a leaf, it w^b^ found tlUkt-mowase^oraizowlU. occur below, but 
not above that bud ; and so, likewise, whenever a ring of bark is removed from a 
tree, the new woody fibre will not proceed from the lower but from the "upper 
edge.— OrfBOHvhviftJk Sohuem 
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" And when he saw a fig tree in the way, he came to it, and found nothing thereon, 

but leaves only, and said unto it, Let no fruit grow on thee henceforward for 

erer. And presently the tree withered away ."—Matthew zxi. 



1274. Why have trees with large trunks a great number 
of leafy branches ? 

Because it is by the leaves that the secretion is formed which 
supplies the woody fibre. The number of leaves on a tree, therefore, 
generally bears a relation to the size of its trunk, and the number 
of its branches. 

1275. Why have poplar-trees comparatively few branches 
and leaves ? 

Because their trunks are comparatively small, although they 
grow to a great height. 

1276. Why had the mammoth-tree comparatively few leaves 
in relation to the immense size of its bark ? 

Because the woody texture of this tree (Wellingtonea 
gig ante a) is exceedingly light and porous. It is, in fact, lighter 
than cork, and, therefore, requires less leaf-produce in its formation. 

1277. Why have oak-trees an abundance of leaves T 

Because their wood is so dense that they require a larger amount 
of the wood-forming secretion which is supplied by the leaves. 

1278. Why are the trunks of trees round? 

Because, generally speaking, the leaves are distributed upon 
branches around the trees in every direction. They consequently 
send down the wood-forming principle on all sides. When a trunk 
is unduly developed on one side, it may generally be traced to the 
unequal distribution of the branches. 

1279. What are exogenous stems ? 

Exogenous stems are those that grow by the addition of wood 
on their outer surface, underneath the bark. 

1280. What are endogenous stems ? 

Endogenous stems are those that grow inwardly, from the 
centre. Trees of this class, of which palms are the best 
example, are almost peculiar to tropical climates. 

1281. Why do endogenous stems chiefly abound in tropical 
climates ? 

Because, probably, the excessive heat of those climates would 
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" I hare caused thee to multiply as the bud of the field, and thou hast increased 

and waxen great, and thou art come to excellent ornaments."— 

Ezekibl xyi. 



interfere with the formation of wood from the sap upon the outer 
surface. 

The vascular structure of endogenous stems lying more 
abundantly towards their centre, tends to conserve the juices which 
in hot climates are so highly valued. Palm-wine is a delicious and 
cooling beverage, and is procured from various kinds of palms, but 
especially from the cocoa-nut palm. Even the fresh sap is very 
refreshing. The juice is procured by cutting the tree in the upper 
part, and attaching a vessel to the opening, to receive the sap. 
Its flow is increased by cutting off a slice of the wood daily. 

1282. Why have endogenous stems no bark ? 

Because, one of the chief functions of the bark in exogenous trees, 
is to protect the sap from which the wood is formed on the outward 
surface ; and as there is no such external flow of sap in endogenous 
trees, the bark is unnecessary to them, and is therefore withheld. 
They are furnished instead with a thin cuticle. 

1283. Why do endogenous stems grow to a great height ? 

Because, as the stem grows from the centre, it soon reaches that 
limit of diameter which its vascular structure is calculated to 
support ; and, therefore, the wood-forming sap is deposited chiefly 
at the top of the stem, causing it to grow to a considerable height. 

1284. Why do the various vegetable fruits ripen in 
succession ? 

Because the Author of Nature has thus arranged its economy, in 
order that the wants of living creatures may be adequately provided 
for. Some vegetable productions arrive at their perfection in the 
spring; others in summer; and others in autumn. Among the 
latter are many that require to come slowly to maturity after they 
are gathered; by these the winter season is provided for, and a surplus 
of the winter stock goes to supply the natural deficiency of spring. 

1285. Why, when seeds are sown, and germination begins, 
does the leaf-germ seels the light, and the root-germ grow 
down into the earth ? 

Because the Creator has endowed every single seed with a 
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"Ostomfco the Lord* new nmtosaag ; fwkeJi«tti<kmeiwrT<fll<m»thi^8* 
Fbjjucxoviii. 



wlaZ instinct which governs its development. The rootlet could 
more easily grow upward than downward, because of the looser 
earth, and of the exciting influences of light and moisture. Yet 
it takes the contrary course, leaving the leaf-germ to come up to 
meet the sun-light, and to send down to' the stem and roots, the 
matter needed for their growth. 

Frequently, indeed, when seeds are thrown into: the earth,, their 
natural .position is reversed, and when the germs jjrst start from 
the seed, the root-germ is directed upward and the " leaf-germ 
downward. What then occurs? They each turn, and, in doing 
so, frequently cross each other. Each goes to its particular duty — 
the duty that God appointed. 



CHAPTER *E2rV. 

1286. Why are the seeds of plants indigestible ? 

Because they are encased in a hard covering upon which the 
gastric juice of animals takes no effect. This provision' has been 
made by the Creator, for the preservation of seeds, the productions 
of which are so essential to animal life. 

The gastric juice can dissolve any other part of the plant, even 
the woody fibre* and -yet upon the seed it takes no effect. When, 
however, the seed is crushed, and, thereby, the vital principle ide- 
stroyed, so that no, .plant can spring. front it, the, gastric jnfce.4cts 
upoait^and it Js JWonnUsaolved. 

Hence grammiverous buds are provided with ;gizsaxds to break 
the protecting ocais of the gram; and animals that feed onrseeda 
*&*^*trifktkem,*f their shells &nd*hmJts. 

loan wiMiarhaMe that -in tin ^succulent fruits f *Mh>B8 the 'straw- 
berry, the raspberry,, ounant, apple, orange, melon, &c., and 
which, from their very nature, are likely to attract aniynala to use 
them, and in eating which the seeds are likely to be swallowed, they 
are fortified by a doubly-protective coating ; the pips ■ of the apple, 
orange, Ac., and the seeds of the strawberry and raspberry, pass 
through! the digestive organs, not only uaharmed, but their 
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" And it -was commanded them that they «hotdd not hurt the grass of the earth, 
neither any green thing, neither any tree."-— Rbyhl&xioit ix. 



germinating powers are even improved by the warmth, and 
trituration of the stomach. Indeed, the. stomachs of quadrupeds 
and birds have been made the vehicles of propagating plants, and 
distributing them to the widest geographical latitudes. It is even 
said of some seeds that they will not . germinate until they have 
passed through the digestive ogans of an animal. 

1287. Why do animals that graze, crop the tender blade* 
of grass, but avoid 1th* tall stems ? 

Because they are tempted by the greater sweetaaawaaaL tendernes- 
of the young blades $ and in this temptation a very; inajortant end 
is served ; for, by avoidmfpthe stems that have groaanraajaiA* animals 
spare the matured^ pUmi by which seeds are obraafjBnd by which 
the supply of food is tohe continued. 

1288. Why do the&ggs of butterflies lie dormant during 
the winter ? 

Because the coldness of the winter would be fatal to the life of 
the young insects; and the. absence 1 of vegetation would leave the 
caterpillars to perish, qf starvation, if they were developed during 
the winter months. 



Tig. 76.— OATEKPIHAB VBEIHirG. 

1289. Why da. caterpillars appear in the spring, I 
Because i^mcreasing warmth of th* sun developes th* 'living 
embryo, at the same time -that X. develops* ikvvegetaM&geem, 
The warmth, therefore, that calk* th»' caterpillar fircan> its embay* 
sleep, ako toadies the genninatiiig' powers ofj the vege table<uaoiu 
which it is dftetamd- to feed; The' woraai awake* aadi findautbai 
bountiful table of nature spread for it. 
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"Thou shalt plant vineyards, and dress them, but shalt neither drink of the 
wine, nor gather the grapes : for the worms shall eat them."— 

DBUTBROBOMT XXV 111. 

1290. Why does the caterpillar eat voraciously ? 

Because it grows rapidly, and a large amount of vegetable 
matter is necessary to supply the rapid growth of its animal 
substance. Caterpillars in the course of a month devour 60,000 
times their own weight of aliment. 




Pig. 77.— THE FIDSB 8IBH OF Pig. 78.— THB BAMB CHBYSAXIS, WITH PABT 
THE CHRYSALIS O* THB PEA- OF ITS SHEATH RAISED TO SHOW THB 

COCK BUTTEBBLY. PABTIALLY-FOBMBD WIBGB, &C 

1291. Why do caterpillars pass into the state of the 
chrysalis ? 

Because they are thereby prepared for the new existence which 
they are about to enjoy ; new organ* must be perfected in them to 
adapt them to the altered conditions of their lives. 

Because, also, in the transformation of their bodies, differing 
materially from the laws of existence that pertain to other creatures, 
the Creator affords another illustration of his Omnipotence. 

Because, also, during the stage that the insect sleeps in the 
chrysalis, the flowers and their sweet juices, upon which the fly is to 
feed, are being prepared for it, just as, when it was sleeping in the 
egg, the green food was being prepared for the caterpillar. When, 
therefore, the beautiful fly spreads its silken wings, it finds a second 
time that, while it has slept, its meal has been prepared, and it now 
flies away joyously to feed upon the milk and honey of beautiful 
flowers which, at the time it passed into the chrysalis, had not yet 
unfolded their petals. 
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"For the moth shall eat them up like a garment, and the worm shall eat them 

like wool: but my righteousness shall be for ever, and my salvation 

from generation to generation."— Isaiah ii. 

Paley observes, that " the metamorphosis of insects from grabs 
into moths and flies, is an astonishing process. A hairy caterpillar 
is transformed into a butterfly. Observe the change. We have 
four beautiful wings where there were none before; a tubular 
proboscis, in the place of a mouth with jaws and teeth ; six long 
legs, instead of fourteen feet. In another case, we see a white, 
smooth, soft worm, turned into a black, hard, crustaceous beetle, 
with gauze wings. These, as I said, are astonishing processes, and 
must require, as it should seem, a proportionally artificial apparatus. 



Pig. 79.— THE PEACOCK BUTTERFLY. 

The hypothesis which appears to me most probable, is that, in the 
grub, there exists at the same time three animals, one within 
another, all nourished by the same digestion, and by a communica- 
ting circulation ; but in different stages of maturity. The latest 
discoveries made by naturalists, seem to favour this supposition. 
The insect, already equipped with wings, is descried under the 
membranes both of the worm and nymph. In some species, the 
proboscis, the antennae, the limbs, and wings of the fly, have been 
observed to be folded up within the body of the caterpillar ; and with 
such nicety as to occupy a small space only under the two first 
wings. This being so, the outermost animal, which, besides its 
own proper character, serves as an integument to the other two, 
being the farthest advanced, dies, as we suppose, and drops off first. 
The second, the pupa or chrysalis, then offers itself to observation. 
This also, in its turn, dies ; its dead and brittle husk falls to pieces, 
and makes way for the appearance of the fly or moth. Now, if this 
be the case, or indeed whatever explication be adopted, we have a 
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"flatf wMeh the pdmer^orm hath left hath the loom* eaten; and that which' 

the toenst hath left hath the canker-ram eaten; and the* whiohtthe 

canker-worm hath left hath the eatemUlaz eatan. v — Joel i. 

prospective contrivance c£- the most carious kind ; we-hare organi- 
sations Mfe0 <feep ; yet a vascular system, which supplies nntrition* 
growth, and life, to all of them together." 

Lord Brougham, in a note open the abore, does not support' 
Paley's view. He says " It is more than probable that the parts 
which are to appear in the perfect insect do not east in the force, 
where there is not much difference between the larva eadpupav 
excepting at the time just previous to its- becoming a papa, at 
which thne the larva is motionless and torpid. Hie caterpillar of a 
moth, when about to turn into a pupa, provides for the protection 
of the latter state* either by surrounding itself' with a web, or by 
some other means* 9o*n after this is accomplished, the caterpillar 
becomes motionless, or nearly so ; it can neither eat nor crawl. At 
this time, and #w* before, the parts of the pupa are forming within 
the skin of the caterpillar, which may be easily seen by dissection." 

It appears to the; author, however, that Rdey is partially right, 
and Lord Brougham totally wrong, in these, remarks. When Lord 
Brougham asserts that the parts of the papa are forming within 
the skin of the caterpillar at that time when the transformation 
begins, " and not before, which may be -easily seen by dissection," 
hef forgets, that although in some instances it is the first moment 
when, to the human eye, the organs of the new creature become- 
perceptible, that the " three deep " nature which Faley attributes 
te the grub, must really have existed in the egg — that the butterftf 
originated in the egg, as certainly as did the caterpillar, or the 
crytalis, and that .unless that egg had possessed its three myste* 
rions embryos, it would have been impossible for the grub to have 
progressed to the stages of transformation. No one has ever known? 
the embryo of a bird's egg to pass through three distinct and dra- 
similar states of existence ; nor has any one ever known the embryo 
of the butterfly's egg. to stop short at either of the stages, if the 
proper conditions of its existence and development were supplied to 
it* Why? Because the embryo of the insect has a threefbloJ 
nature* while that of the bird is tingle. 
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" They shall cut down her forest, saitb the Lord, though it cannot be searched ; 

because they are more than the grasshoppers, and are innumerable."— 

Jkbbmllh xlvi. 



CHAPTER 1XVI. 

1292. Why does the caterpillar become torpid when 
pasting into the state of the chrysalis? 

Became in all probability, where the difference between the first 
and the ultimate form is -considerable, the organs of the insect 
having to undergo great changes, it would suffer considerable pain. 
Torpor comes upen the insect, it is thrown . into a state similar to 
that of a person who has inhaled chloroform ; and after .what , has, 
in all probability, proved a pleasant dream, the insect awakes .to 
find - itself changed and beautified. 

1293. Why are the pupa of grasshoppers and other 
insects, when about to .undergo transformation, still active 
4ind sensitive? 

Because, as there is but a slight difference between the. form 
which they have in the pupa, state,, and that which they ultimately 
assume, they do not require the state of torpidity to save them fia>m 
pain, nor to arrest their movements while their organs are being 
changed. With them the outer, skin is thrown off, and they are 
then perfect insects. 

1294. Why do caterpillars, when about to pass through the 
chrysalis state, attach themselves to the leaves of plants, Sfc. ? 

because they know instinctively that for a time they will be 
unable to controul their own movements, and to .avoid danger. 
They therefore choose secure and dry places, underneath leaves, or 
in the crevices of old and dry . walls, and there they firmly ■ attach 
themselves, to await the time of their liberation. 

1295. Why do insects attach their eggs, to leaves #c. ? 

Because* as the eggs have to be preserved during the winter, the 
insect attaches them to some surface which will be a protection to 
them. Generally speaking, the eggs, are attached to the, permanent 
stems of plants, and not to those leafy portions which are liable to 
fall and decay. The spider weaves a silken bag in which it deposits 
•jts eggs, and then it hangs the bag in a sheltered situation. Nature 
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" Lay up for yourselves treasures in heaven, where neither moth nor rust doth 
corrupt, and where thieves do not break through and steaL"— Matt. vt. 



keeps her butterflies, moths, and caterpillars, locked up during the 
winter, in their egg-state; and we have to admire the various 
devices to which, if we may so speak, the same nature has resorted 
for the security of the egg. Many insects enclose their eggs in a 
silken web ; others cover them with a coat of hair, torn from their 
own bodies ; some glue them together ; and others, like the moth 
of the silkworm, glue them to the leaves upon which they are 
deposited, that they may not be shaken off by the wind, or washed 
away by rain ; some again make incisions into leaves, and hide an 
egg in each incision j whilst some envelope their eggs with a soft 
substance, which forms the first aliment of the young animal; and 
some again make a hole in the earth, and, having stored it with a 
quantity of proper food, deposit their eggs in it. 

1296. Why do butterflies fly by day? 

Because they are organised to enjoy light and warmth, and they 
live upon the sweets of flowers which by day are most accessible. 

1297. Why do moths fly by night? 

Because they are organised to enjoy subdued light and cool air ; 
and as they take very little food during the short life they have in 
the wingod state, they find sufficient by night. Some of the moths, 
like that of the silk-worm, take no food from the time they escape 
from the chrysalis until they die. 

Because, also, they form the food of bats, owls, and other of the 
night-flying tribes. 

1298. Why are the bodies of moths generally covered with 
a very thick down ? 

Because* as they fly by night, they are liable to the effects of cold 
and damp. The moths, therefore, are nearly all of them covered 
with a very thick down, quite distinguishable from the lighter down 
of butterflies. 

1299. Why do moths fly against the candle flame ? 
Because their eyes are organised to bear only a small amount cf 

light. "When, therefore, they come within the light of a candle, 
their sight is overpowered and their vision confused ; and as they 
cannotdistingui8h objects, they pursue the light itself, and fly against 
the flame. 
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" Let him that glorieth glory in this that he understandeth and knoweth me, 

that I am the Lord which exercise loving-kindness, judgment, and righteousness 

in the earth : for in these things I delight, saith the Lord."— Jeb. ix. 

1300. Why do insects multiply so numerously ? 

Because they form the food of larger animals, and especially of 
birds. A single pair of sparrows and a nest of young ones have 
been estimated to consume upwards of three thousand insects in a 
week. 

1301. Why does the " death-watch" make a ticking noise? 
Because the insect is one of the beetle tribe, having a horny case 

upon its head, with which it taps upon any hard substance, the 
ticking is- the call of the insect to its species, just as the noise made 
by the cricket is a note of communication with other crickets. 

There is a superstition connected with the death-watch, which, like most super- 
stitions, is based upon the theory of probabilities. The death-watch is usually 
heard in the spring of the year, and a superstition runs to the effect that some 
one in the house will die before the year has ended. Persons who are super- 
stitious are never very strict in the interpretation of their predictions ; and 
therefore, whether a person dies in the house or out of it, in the same room 
where the death-watch was heard, or across the wide Atlantic, so that there 
be some kind of relationship, or even acquaintance, between the person who 
hears the omen, and the person dying, the event is sure to be connected with 
the prophetic sounds of the death-watch. Little weens the small timber- 
boring beetle, when he is tapping gently to call his mate, and perhaps peeping 
into every corner and crevice to find her, that he is sending dismay into the 
heart of some superstitious listener, who, in ignorance of a simple fact, over- 
whelms herself with an imaginary grief. 

1302. Why are insects in the first stage, after leaving the 
egg, said to be in the " larva " state ? 

Because that name is founded upon the Latin word larva, 
meaning masked, clothed as with a mask j the term is meant to 
express that the future insect is disguised in its first form. 

1303. Why are insects in the second state said to be in 
the il pupa " state ? 

Because the term is derived from the Latin pupa, from a slight 
resemblance in the manner in which the insects are enclosed, to 
that in which it was the fashion of the ancients to bandage their 
infants. 

1304. Why are insects in the "pupa" stage also called 
'chrysalides?" 

Because, as the Latin term implies, it is adorned with gems. 
Many chrysalides are studded with golden and pearl-like spots. 
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m Thou hast set all the bordeis of the earth : thou hast made summer and 
winter/'— Psajlm ixxiy. 

1305. Why are the perfect insects said to \be in the 
"nymph" state? 

Because their joyful existence, and their beautiful forma, give 
them a fancied resemblance to the nymphs of the heathen 
mythology. The nymphs were supposed goddesses of the moun- 
tains, forests, meadows, and waters. • 

This term has generally, hut very improperly,, been also applied to the pupa 
state, so that pupa, chrysalis, and nymph have all been employed to represent 
one state. Thin is obviously an error, as there is nothing in the condition of the 
pupa or chrysalis that can at all accord with the mythological idea of a nytnph, 
and which, in reference to the beauti/ul and joyous, fly, finds a much truer 
application. 



OHAPTEB IXVIL 

1306. Whence does the snail obtain its shell ? 

Young snails come .from the egg with a shell upon their 
backs. 

1307. How does the shell grow with the increase of size 
of the animal ? 

The soft slime which is yielded by the body of the animal! 
Jiardens upon the orifice of the shell, and thus increases its size. 






Fig. 80.— COMMON OABDBB* SXAIL. 

1308. Why is the shell spiral ? 

Partly because of its original formation ; but also because, as the 
shell grows, the opening is etongated, and thrown up, eausing the 
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' Notwithstanding they hearkened not unto Moses ; but. some of them left it 

until the morning, and it bred worms, and stank : and Moses was wrath 

with them. M — Exodus xn. 



spiral body of the shell to turn, and so to wind its growth around 
the centre. 

1309. Why has the snail four teniacula attached to. its 
head? 

Because the insect, having no other limbs, is provided with 
those projecting members, the lower two serving as feelers 
and the upper two also as feelers and eyes. These, projecting 
in the front of the animal, impart to it a consciousness of surrounding 
objects, and especially of those which lie in its path. 

1310. Why is the snail able to move, without feet ? 

Because it has attached to its body a fringe of muscular skin, 
which is capable of considerable contraction and expansion, and by 
alternately stretching and shortening this, the snail is able- to draw 
himself along. 

1311. Why do we see no snails in the winter time f 
Because they bury themselves in the ground, or in holes, where 

they remain in a torpid state for several months. Before they 
enter into the torpid state, they form with their slimy secretion, and 
with seme earthy matters which they collect, a strong cement with 
wiaeh they seal up the opemn&to their shells. 

1812. Why can snails live in shells thus sealed ? 

Because they leave, in the thin wall by which they close them- 
selves in, a small hole, too small to admit water, but large enough 
to let in sufficient air to carry on their feeble respiration during 
their winter sleep. 

1313. Why do insects abound in putrid waters, and. in 
decaying substances ? 

Because they have been endowed . with . appetites and with 
constitutions that enable them to live upon and to enjoy corrupt 
matter. In this point of view the maggots-, of fliea are exceedingly 
useful ; a dead carcass is speedily threaded by them in. every 
direction ; thus that corrupt matter which, in a large mass, would 
poison the air, is taken up in small. portions by .millions of living- 
bodies; and by them dispersed, and becomes innoxious. 
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"For he maketh amall the drops of water: they pour down rain according to 
the vapour thereof."— Job xxxv. 

1314. Why do we see, in tanks of rain water, insects 
rising to the surface ? 

Because numerous insects pass through their first stages of 
existence in water, and among them the common gnat. The gnats 
of the previous season having deposited their eggs on the sides of 
the water-butt, the warm water developes them, and the larvae of 
the gnats appear (Fig. 81; c natural size of larva; b larva 
magnified). 



Fig. 8L— LABVA AID PUPA OP GNAT. 
{Greatly magnified.) 

1315. Why do they continually rise to the surface of the 
water? 

Because they require to breathe air, and therefore they come up 
to the surface, where, elevating the tube (b) above the surface of the 
water, they are enabled to breathe. 

1316. Why do some appear to have larger heads than 
others? 

Those that have apparently larger heads, and that breathe 
through tubes attached to their heads (d) are in the pupa, or 
second stage of development, and underneath the large shield by 



Digitized by VjOOQ IC 



THE BEASOX WHY. 309 



"Because thy loving kindness is better than life, my lips shall praise thee."— 
Psalm lxiii. 

which their heads are marked, their wings, feet, Ac., are being 
formed. 

1317. Why, when the tvater is disturbed, do the larvce 
descend more rapidly than the pupa? 

Because the pupse are in a torpid condition, awaiting the 
formation of their perfect organs. 

1318. Why are the fixes able to escape from the water ? 
Because, as their formation becomes perfected, and the fluids of 

the body of tee pupa become absorbed in the production of the 
light texture of the wings, <fcc., the body and its case become 
lighter than the water, and rise and float upon the surface. The 
pupa-case then forms a natural boat, from which the fly emerges, 
and spreading its wings, enters upon the final state of its existence. 



Pig. 82.— THE PERFECT GNAT, ESCAPING FROM THE PUPA-CASE. 

(Greatly magnified.) 

This interesting metamorphosis may be seen going on in the summer time, 
in every pond, brook, and reservoir. A fine sunny morning calls up millions of 
these little boats from beneath the surface, and the diver within that wonderful 
little bell breaks its sealed doors, and flies away to enjoy the bright sunshine. 

1319. Why are beetles denominated " coleoptera?" 
Because they have wings protected by horny sheaths ; the term 
eoleoptera signifies wings in a sheath. 
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M They shall lie down in the dart; and the worms shall coverthem/'— Job ttt, 



1320. Why have beetles hard horny wing-cases ? 

Because they live underground, or in holes excavated in wood, 
Ac. If, therefore, their wingB were not protected by a hard and 
firm covering, they would be constantly liable to destruction from 
the movement of the insect within hard and rough bodies. 



Fig. 83.— STAG-BBET£E, SHDWXTO ITS WTVBB UBTOLDBD, AND THE WING- 
CASES OPSH. 

The elytra, or scaly wings of the genus of scarabasus, or beetle, furnish an 
example of this kind. The true wing of the animal is alight, transparent 
membrane, finer than the finest gauze, and not unlike it. It is also, when 
expanded, in proportion to the size of the animal, very large. In order to 
protect this delicate structure, and, perhaps, also to preserve it in a, due state of 
suppleness and humidity, a strong, hard case is given to it, in the shape of the 
horny wing which we call the elytron. When the animal is at rest, the game 
wings lie folded up under this impenetrable shield. When the beetle prepares 
for flying, he raises the integument, and spreads out his thin, membrane te the 
air. And it cannot be observed without admiration, what a tissue of cordage, 
». e. of muscular tendons, must run in various and complicated, but determinate 
directions, along this fine surface, in order to enahto the animal* either to gather 
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it up into a certain preeisetfovm, whenever it desires to plaoetfts wings i 
the shelter which -nature- hath given to them, or to expAndagain.their.loUU 
when wanted for action. 

In some insects, the elytra cover the whole body; in others, half; mothers 
only a small part of it ; but in all, they completely bide and cover the true 
wings. Also, 

Many, or most of the beetle species lodga wholes in the earth, environed by 
hard, rough substances, and have frequently to squeeze their way through 
narrow passages; in which situation, wings so tender, and so large, could 
scarcely have escaped injury, without both a firm covering to defend them, and 
the capacity of folding themselves up under its protection. 

1321. Why have many of the beetle tribe large strong 
horns? 

Because, as they Hve in holes in the earth, or in excavations in 
wood, they use their horns to dig out their piaees ofretreat. 

1322. Why has the giraffe a>*»dll head? 

Because, being set upon the end 6f a T*jy. loaag nedk^the airimal 
would be tmable toi raise t'6i£ifr were heavy. 

1323. Why hasi&e giraffe a long neck ? 
Because it'feGd&tvpanthe bran*k*s*4ftall trees, 

1324. Why has. ike giraffe along and flexible tongue t 
Because it iff thereby enabled to lay hold of the tender twigs*and 

branches, and draw them into its mouth, avoiding the coarser 
parts of the branches. 

1325. Why are ffke nostrils of the giraffe small and 
narrow, and studded with hairs ? 

BecaiieeJhfthaiiswandi the .peculiar shape of the nasal passages 
are designedias :a «• protection : against the- inflects which inhabit the 
boughs of the tree»:npen*#hich the^irtfgerieeds ; and also against 
the sands of the desert, which storms raise into almost suffocating 
clouds. 



1826.. The distribution of animals, or Zoological Geography, is a of great 
interest,, and should be carefully studied in connection with Botanical Geo- 
graphy (see. 1208). The highest department of the animal kingdom (writes the 
Bey. W. Milner) commences with the class of Birds, which may be naturally 
divided into the three great orders of aerial, terrestrial, and aquatic Aggre- 
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" Bless the Lord, all his works, in all places of his dominion : bless the Lord, O 
my soul."— Psalm cm. 

gation into immense flocks is a distinguishing feature of several species, espe- 
cially of the aquatic order, which form separate colonies, building their nests in 
the same state, though other spots equally adapted are at no great distance. 



Fig. 84.— GIRAFFE FEEDING. 

Hence the Vogel-bergs, or bird-rocks of the northern seas, one of which at West- 
mannsharn in the Faroe group of islands, seldom intruded upon by man, pre- 
sents a most extraordinary spectacle to the visitor. The Vogel-berg lies in a 
frightful chasm in the precipitous shores of the island, which rise to the height 
of a thousand feet, only accessible from the sea by a narrow passage. Here con- 
gregate a host of birds. Thousands of guillemots and auks swim in groups 
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"He rained flesh upon them as dust, and feathered fowls like aa the sand of the 
sea."— Psalm lxxviji. 



around the boat which conveys man to their domain, look curiously at him, and 
vanish beneath the water to rise in his immediate neighbourhood. The black 
guillemot comes close to the very oars. The seal stretches his head above the 
waves, not comprehending what has disturbed the repose of his asylum, while 
the rapacious skua pursues the puffin and gull. High in the air the birds seem 
like bees clustering about the rocks, whilst lower they fly past so close that they 
might be knocked down with a stick. But not less strange is the domicile of 
this colony. On some low rocks scarcely projecting above the water sit the 
glossy cormorants, turning their long necks on every side, Next are the skua 
gulls, regarded with an anxious eye by the kittiwakes above. Nest follows nest 
in crowded rows along the whole breadth of the rock, and nothing is visible but 
the heads of the mothers and the white rocks between, A little higher on the 
narrow shelves sit the guillemots and auks, arranged as on parade, with their 
white breasts to the sea, and so close that a hailstone could not pass between 
them. The puffins take the highest station, and, though scarcely visible, betray 
themselves by their flying backwards and forwards. The noise of such a multi- 
tude of birds is confounding, and in vain a person asks a question of his nearest 
neighbour. The harsh tones of the kittiwakes are heard above the whole, the 
intervals being filled with the monotonous note of the auk, and the softer voice 
of the guillemot. When Graba, from whose travels this description is principally 
drawn, visited the Yegel-berg, he was tempted by the sight of a crested cormo- 
rant to fire a gun, but what became of it, he remarks, it was impossible to ascer- 
tain. The air was darkened by the birds roused from their repose. Thousands 
hastened out of the chasm with a frightful noise, and spread themselves over 
the ocean. The puffins came wandering from their holes, and regarded the 
universal confusion with comic gestures. The kittiwakes remained composedly 
in their nests, whilst the cormorants tumbled headlong into the sea. Similar 
great congregations of the feathered race appear where the shores are rocky 
high, and precipitous, but this is strikingly the case, where 

" The northern ocean, in vast whirls, 

Boils round the naked melancholy isles 
Of farthest Thule ; and the Atlantic surge 
Pours in among the stormy Hebrides. 
Who can recount what transmigrations there 
Are annual made ? what nations come and go? 
And how the living clouds on clouds arise? 
Infinite wings I till all the plume-dark air 
And rude resounding shore are one wild cry/' 

1827. Most terrestrial birds, unacquainted with man, exhibit a remarkable 
tameness, and are slow in acquiring a dread of him, even after repeated lessons 
that danger is to be apprehended from his neighbourhood. Mr. Darwin speaks 
of a gun aa almost superfluous in the unfrequented districts of South America, 
for with its muzzle he pushed a hawk off the branch of a tree. Once, while 
lying down, a mocking thrush alighted on the edge of a pitcher, made of the 
shell of a tortoise, which he was holding in his hand, and began very leisurely to 
sip the water, even allowing him to handle it while seated on the vessel. In 
Charles Island, which had been colonised aoout six years, he saw a boy sitting 
by a well with a switch in his hand, with which he killed the doves and finches 
aa they came to drink; and for some time had been constantly in the habit 
of waiting by the well for the same purpose, to provide himself with his dinnors. 
In the Falkland Islands, at Bourbon, and at Tristan d'Acunha, the same tame- 
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K As* bird thsftwaiidereth from her neat} so is a man that waxidereth from his 
place."- Psauc xrvn. 



ness was noticed by the early visitors. On the other handy the small birds in 
the arctic regions of America,- which hate never been persecuted} exhibit the 
anomalous fact of great wUdness* From a reviewof various facta, Mr. Darwin 
concludes, " first, that the wildnes* of birds with regard to man is a partkukv 
instinct directed against him, And not dependent on any general degree of 
caution arising from other sources of danger $ secondly, that it is. not acquired 
by individual birds in a short time, even when much persecuted 9 but that in 
the course of successive generations it becomes hereditary. Comparatively few 
young birds in any one year have been injured by man in England; yet almost 
all, even nestlings, are afraid of him ; many individuals, however, both, at the 
Galapagos and at the FelMands, have been pursued and injured by. man, but 
yet have not learned a salutary dread of htm.*" 

1328. Numerous species of birds may be regarded as the fdvourttes of niter* 
on account of the gracefulness given to their shape, and the riohly-odouusd 
plumage with which they are adorned, as evidenced in the gaudy liveries of 
many of the parrot tribe; and the forms and hues of the birds of foaradise. But 
they are especially interesting to man for the faculty of song with which- they 
are endowed ; in some, " most musical, most melancholy/' in others, sprtghtry 
and animating, inspiriting the sons of toil under the burdens peculiar to 
their station. It deserves to be remarked, as an instance- of compensation 4Uid 
adjustment, that whilst the birds of the temperate zone am far inferior to thee* 
of tropical climes in point of beauty, they have far mere melodious notes in est** 
nection with their less attractive appearance. 

1329 From the powerful means of locomotion possessed by several of the -bird- 
tribe, and their great specific levity, air being admitted to the whole organi- 
sation as water to a sponge, it might oe inferred, that the entire atmosphere 
was intended to be their domain, so that no species would be limited 'to a 
particular region. The common crow flies at the rate of twenty-fiva miles an- 
hour ; the rapidity of the eider-duck, Anas moUissima, is equal to ninety mflesan' 
hour; while the swifts and hawks travel at the astonishing speed of a hundred 
and fifty miles in the same time. It is true that some species'have a very exten- 
sive range, as the nightingale, tbo common wild goose, and several of the 
vulture tribe. The same kind of ol trey or fishing*eagfc that wanders along the 
Scottish shores appears upon those cf the south of Europe/ and of New Holland. 
The lammergeyer haunts the heights of the Pyrenees; the mountains of 
Abyssinia, and the Mongolian steppes; and the penguin' falcon occurs in 
Greenland, Europe, America, and Australia. In general, however, like plants 
and terrestrial quadrupeds, the birds are subject to geograpuical laws; definite 
limits circumscribing particular groups. The common grouse- of owowsx 
country affords a striking exemplification of this arrangement, as it is nowhere; 
met with out of Great Britain ; and other examples occur of a very scanty are* 
containing a species not to be found in any other region. The celebrated birds 
of paradise are exclusively confined to a smaH part of the torrid tone, emtaacftAg 
New Guinea-and the contiguous islands; and the -beautiful Lories are inht at 
tants of the same districts, being quite unknown to the New World. Pasroqueu* 
are chiefly occupants of aaone extending; a few degr^es^beyondeaehtrop.ov.bdl' 
the American-group is quite distinct from the African, and neither of these 
have one in common with the parrots ef India, The great eagle is limited to> 
the highest summits of the Alps ; and the - condor, which soars above the* peak 
of the loftiest of the Andes, never quite tha^ohatn^ Humnanrbttdstaae 
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4 Thereiaa path watch bo fowl kneweth, and -which the vulture's eye hathnot 
seen."-rJoj3 jlvui. 



entirety* timised to the. western hemisphere, -where a particular speeies is some- 
times hounded by the range of an island, while others are more extensively 
spread; the 'Trochilvsjlammifroits, common to Lima, being observed by Captain 
King upon the coast of the Straits of Magellan, in the depth of winter, sucking 
the flowers of a large fuschia, then in bloom in the midst of a shower of sow. 
Among fchebirda incapable of flight, which rival the quadrupeds in their size, 
the intertropical countries of the globe have their distinct species, presenting 
similar general features of organisation, as the ostrich of Africa and Arabia, 
the cassowary of Java and. Australia, and the touyou of Brazil. In the. arctic 
•regions, we meet with species peculiar to them, the JStrix laeponieus or Lapland 
owl, and the eider-duck, an inhabitant of the shores, from whose nests the 
. eider-down is obtained. Several families of maritime birds are likewise limited 
to particular oceanic localities. Approaching the fortieth parallel of .latitude, 
the albatross iaseen flitting-along the surface of the >waves, And soon afterwards 
the frigate and other tropical birds appear, which never wander far beyond the 
torrid zone. It thus .appears, that, notwithstanding the great locomotive 
.powers of bml8, particular groups have had certain regions.aflsignedtothem 
.as their sphere of existence, which they are adapted to occupy, and to- which 
they adhere' in the main, though it is easy to conceive of natural causes 
occasionally constraining to a migration into new.and even distant territories. 
Captain Smyth, informed Mr. Lyell, that when engaged in his survey of the 
Mediterranean, he encountered a gale in the Gulf Of Lyons, at the distance of 
between twenty and thirty leagues from the coast of France, "Which bore along 
many land-birds of various species, some of which alighted on the ship, while 
others were throw n -with violence against the sails. In this manner, many an 
islet in the deep, after ages of solitude and silence, uninterrupted except by the 
wave's wild dash, and the wind's fierce howl, may have received the song of 
birds, forced by the tempest from their home, and compelled to seek a new one 
under its direction. 

1380. There is no feature more remarkable in the economy of birds than the 
periodical migrations, so systematically conducted, in which' five-sixths of the 
whole feathered population engage. In the case of North America, acoording to 
an estimate by Br. Richardson, the passenger-pigeons form themselves into vast 
flocks for the journey, one of whioh has been calculated to include 2,280 } 0G%000 
individuals. We are familiar 'with the cuckoo as our visitor in ispring, and with 
the house-swallow as our guest through the summer, the latter usually depart- 
ing in October to the warmer regions of the south, wintering in Africa, return- 
ing again when a more genial season revives its insect food. By cutting off two 
claws from the feet of a certain number of swallows, Dr. Jenner ascertained the 
.fact of the same individuals reappearing in their old haunts in the following 
year, and one was met with even after the lapse of seven years. The arctic birds 
migrate farther south, "when the seas^ Jakes, and rivers become covered with 
unbroken sheets of ice ; the swans, geese, ducks, divers, and coots flying off in 
regular phalanxes to regions where a less rigorous winter, allows of access to she 
means of life. - Hence, soon after, we lose the swallows, we* gain the • snipes and 
other waders, which have fled from the hard frozen- north to our partially 
frozen morasses, where their ordinary nutriment may still be obtained. The 
equinoctial aone, where the seasonal change is that of humidity, and ttaraght 
furnishes an example of the same phenomenon. As soon as the Orinoco is 
swollen by the rains, overflows its banks, and inundates the country on either 



Digitized by VjOOQ IC 



316 THE SEASON WHY. 



"The Lord is my light and my salvation ; whom shall I fear P the Lord is the 
strength of my life ; of whom shall I he afraid ?"— Psai,m xxvii. 



side, an innumerable quantity of aquatics leave its course for the West India 
islands on the north, and the valley of the Amazon on the south, the increased 
depth of the river, and the flooded state of the shores, depriving them of the 
usual supply of fish and insects. Upon the stream decreasing, and retiring 
within its bed, the birds return. 

1881. A comparison between the quadrupeds of the Old and New Worlds is in 
every point strikingly in favour of the former. Not only has the western 
continent no animals of such giant bulk as those of the eastern, but no 
examples of such high organisation, such power and courage, as the African liou 
and the Asiatic tiger display. Button's remark must indeed be considerably 
modified, respecting the cowardice of the American feline race; for the jaguar 
of the woods about the Amazon, when attacked by man, will not hesitate to 
accept his challenge, will even become the assailant, nor shrink from an 
encounter against the greatest odds. The following passages from the writings 
of Humboldt show that this transatlantic animal is not to be despised :— 

" The night was gloomy ; the Devil's Wall and its denticulated rocks appeared 
from time to time at a distance, illuminated by the burning of the savannahs, 
or wrapped in ruddy smoke. At the spot where the bushes were the thickest, 
our horses were frightened by the yell of an animal that seemed to follow us 
closely. It was a large jaguar, that had roamed for three years among these 
mountains. He had constantly escaped the pursuit of the boldest hunters, and 
had carried off horses and mules from the midst of enclosures ; but, having no 
want of food, had not yet attacked men. The negro who conducted us uttered 
wild cries. He thought he should frighten the jaguar; but these means were of 
course without effect. The jaguar, like the wolf of Europe, follows travellers 
even when he will not attack them: the wolf in the open fields and in 
unsheltered places, the jaguar skirting the road, and appearing only at intervals 
between the bushes." 

The same illustrious observer also remarks,— 

" Near the Joval, nature assumes an awful and savage aspect- We there saw 
the largest jaguar we had ever met with. The natives themselves were 
astonished at its prodigious length, which surpassed that of all the tigers o>. 
India I had seen in the collections of Europe." 

Still these were extraordinary specimens of the race, and leave the fact 
undoubted, that the most formidable of the western Feres has no pretensions to 
an equality with his congener, the tyrant of the jungles of Bengal. 

1832. In vain also we look among the tribes of America for a rival in outward 
appearance to the giraffe, so remarkable for its height, its swan-like neck, gentle 
habits, and soft expressive eye : while of the animals most serviceable to mankind 
—the horse, the ox, the ass, the goat, and the hog— not a living example of either 
was known there before its occupancy by the Europeans. But, however inferior 
the animal race of the New may be as compared to those of the Old world, the 
balance between the two appears to have been pretty equal in remote ages; 
geological discovery has disproved the assertion of Buffon, that the creative 
force in America in relation to quadrupeds never possessed great vigour, and 
has established the fact, that it is only the more recent specimens of its energy 
that are upon an inferior scale. The relics of the unwieldly megatherium, of 
the gigantic sloth, and armadillo-like animals, discovered in great abundance 
imbedded in its soil, prove that at a former period it swarmed with monsters of 
equal bulk with those that now roam in the midst of Africa and Asia. The 
estuary deposit that forms the plains westward of Buenos Ayres, and covers the 
gigantic rocks of the Bando Oriental, appears to be the grave of extinct gigantic 
quadrupeds. 
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of doleful creatures ; and owls shall dwell there, and satyrs shall danoe 

there.'*— Isaiah xiy. 

1383. There are various animals which are very widely dispersed, enduring 
the extremes of tropical heat and of polar cold, which are either in a wild 
oondition or in a state of domestication. Wild races, considered to be varieties 
of the domestic dog, occur in India, Sumatra, Australia, Beloochistan, Natolia, 
Nubia, various parts of Africa, and both the Americas; while in subjection to 
man, the dog is his faithful companion, and has followed his steps into every 
diversity of climate and of situation to which he has wandered. The north 
temperate acne of the Old Continent appears to be the native region of the ox, 
which passes in Lapland within the arctic circle, and has been spread over South 
America since its first Introduction by the Spaniards. The horse, originally an 
inhabitant of the temperate parts of the Old World, has shared in a similar 
dispersion, and now exists in the high latitude of Iceland, in the desolate regions 
of Patagonia, and roams wild in immense herds over the Llanos of the Orinoco, 
leading a painful and restless life in the burning climate of the tropics. 
Humboldt draws a striking picture of the sufferings of these, gifts of the Old 
World to the New, returned to a savage state in their western location. 

" In the rainy season, the horses that wander in the savannah, and have not 
time to reach the rising grounds of the Llanos, perish by hundreds amidst the 
overflowings of the rivers. The mares are seen, followed by their colts, 
swimming, during a part of the day, to feed upon grass, the tops of which alone 
wave above the waters. In this state they are pursued by the crocodiles ; and 
it is by no means uncommon to find the prints of the teeth of these carnivorous 
reptiles on their thighs. Pressed alternately by excess of drought and of humi- 
dity, they sometimes seek a pool, in the midst of a bare and dusty soil, to quench 
then* thirst; and at other times flee from water and the overflowing rivers, as 
menaced by an enemy that encounters them in every direction. Harassed during 
the day by gad-flies and mosquitoes, the horses, mules, and cows find themselves 
attacked at night by enormous bats, that fasten on their backs, and cause 
wounds which become dangerous, because they are filled with acaridae and other 
hurtful insects. In the time of great drought, the mules gnaw even the thorny 
melocactus (melon-thistle), in order to drink its cooling juice, and draw it forth 
as from a vegetable fountain. During the great inundations, these same animals 
lead an amphibious life, surrounded by crocodiles, water-serpents, and manatees. 
Yet, such are the immutable laws of nature, their races are preserved in the 
struggle with the elements, and amid so many sufferings and dangers. When 
the waters retire, and the rivers return into their beds, the Savannah is spread 
over with a fine odoriferous grass ; and the animals of old Europe and Upper 
Asia seem to enjoy, as in their native climates the renewed vegetation of 
spring." 

ISM. The first colonists of La Plata landed with seventy-two horses, in the 
year 1685, when, owing to a temporary desertion of the colony, the animals ran 
wild; and in 1680, only forty-five years afterwards, it had reached the Straits of 
Magellan. The ass has a more restricted range than the horse, not being 
capable of enduring so great a degree of cold, though usually far from being 
considered a delicate animal. To the warmer parts of the temperate zone, 
between the 20th and the 40th parallels of latitude, the ass seems best adapted, 
not propagating much beyond the 00th, and only occurring in a state of degene- 
ration beyond the 52nd. The sheep and goat tribe are widely spread, equally 
supporting the extremes of temperature. According to Zimmerman^ the Argali 
or Movjlon, the original race of sheep, still exists on all the great mountains of the 
two continents ; and the Capricorn and Ibex, the ancestors of the common goat 
inhabit the high European elevations. Prom the 64th degree of north latitude 
the hog is met with all over the old continent, and also in the islands of the 
Indian Ocean, peopled by the Malay race; and since its introduction into the 



Digitized by VjOOQ IC 



818 .TKB REASON WHT. 
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it ; and there is nothing hid from the heat thereof.'*— Psalm xix. 

New World, it has diffused itself over it, from the 00th parallel north as for as 
Patagonia. Originally the cat was not known in America, nor in any part of 
Oeeanica ; but it has now spread into almost every country of the globe. Among 
animals entirely wild, the most extensively diffused, are* the* fox, hare, squirrel, 
and ermine ; but the species are different in every region of the world ;. uon is 
there perhaps one example to be found of a species perfectly identical* natuwily 
existing in distant localities of the earth. 

.Respecting the internal constitution and heat qf the ea+th; ' flflft re u o es of 
opinion/ and some very wild speculation have existed- WO 'find in Humboldt's 
" Cosmos "the following remarks :— 

.1185. "It has been computed at what depths liquid and even gaseous 
substances, from the pressure of their own superimposed strata, > would attain 
a density exceeding that of platinum, or of iridium ; . and in order to bring' the 
actual degree of efliptfcity, winch was known within very narrow limits, into 
harmony -with the. hypothesis of the infinite compressibility of matter, Leslie 
conceived the interior of the. Earth to be a' hollow sphere, filled with "an 
imponderable fluid of enormous expansive force." Such rash and arbitrary 
conjectures have given rise, in wholly unscientific circles, to still more fantastic 
notions. The hofiew sphere has been peopled with plants and animals, on 
whioh two small subterranean revolving planets, Phiso and Proserpine, were 
supposed to shed a mild light. A constantly uniform temperature Is supposed 
to prevail in these inner regions, and the air being rendered setMuminous by 



compression, might well render the planets of tfiis lower world t 
•Near the north pole, in-82 deg* of latitude, an eno 



. .. __ v , l enormous opening is imst 

from which the polar tight risible in Aurora streams forth, .and by wntahui 
descent into the nollow sphere may be made. Sir Humphry' Davy . and myseV 
were -repeatedly and- publicly invited by Captain Symmes to undertake this 
subterranean expedition; so powerful is the morbid inclination of men to 411 
unseen spaces -with shapes of wonder, regardless of the counter-evidence of 
wett*estaohshed mots, or universally recognised natural laws. Even the 
oeiebsated Hallay, at the end of the 17th century, hollowed out the earth in Ms 
magnetic speculations ; a freely rotating subterranean nucleus was supposed to 
^VMWffrwy by its -varying positions, the .diurnal and annual changes of the 
magnetic dedication. It has been attempted in our own day, in tedious 
earnest, to invest with a soien t ifio garb that which, in the pages of the 
ingenious Holberg, wsAsnsjBMuing fiction." 

.The following are among Ehaspeculatknu which Humboldt thus severely but 
justly condemns r— 

" The increase of temperature observed is about 1 deg. Pshr. for every fifteen 
yards of descent. In all probability, however, the increase will be found to be 
m a geometrical progression as investigation is extended; in! which case the 
present crust will be found to be much thinner than we have calculated it to 
be. And should this be found to be correct, the igneous theory will become a 
subject of much more importance, in a geological point of view, than we are at 
present disposed to consider it. Taking, then, as correct, the present observed 
rate of increase, the temperature would be as fellows : 

Water will boil at the depth of 2,430 yards. 
Lead melts at the depth of 8,400 yards. 
There is red heat at the depth of 7 miles. 
Gold melts at 21 miles. 
Oast iron at 74 miles. 
Soft iron at 97 miles. 

And at the depth of 100 .miles' there isa ta»s*>siB*ure>euuaL to, the g reat e s t 
artificial heat yet observed; a temperature capable of fusing platina, porcelain, 
. and indeed every refractory substance we are acquainted with. These tempera* 
.tures are calculated from Ouyton Morveau's corrected scale of Wedgwood's 
pyrometer ; and if we adopt them, we find that the earth is fluid at the depth 
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" He hath filled the hungry with good things ; and the rich he hath sent empty 
away.*'— Luke i. 



of 100 miles from the surface, and that even in its present state very little 
more than the soil on which we tread is fit for the habitation of organised 
beings." 

Robert Were Pox, Esq., made a careful enquiry into the theory in question, 
and by ascertaining the temperatures of Cornish mines at various depths, 
greatly assisted the solution of a diftlcult problem. 

Upon this subject Mr. Hunt, in his " Poetry of Science" says :— 

1338. " A question of great interest, in a«cieutific point of view; is the temper 
rature of the centre of the earth. We are, of course, without the means of solving, 
this problem ; but we advance a little way onwards in the inquiry by a careful 
examination of subterranean temperature - at such depths as the enterprise of 
man enables us to reach. These- researches show us, that where the mean 
temperature of the cKmate is 50 deg., the temperature of the rock at 59 fathoms 
from the surface is 60 deg.; at 132 fathoms it is 70 deg; at 239 fathoms it is 80 
Meg. ; being an increase of 10 deg. at 59 fathoms deep, or 1 deg. in 85.4 feet ; of 
10 deg; more at 73 fathoms deeper, or 1 deg. in 48.8 feet $ and of 10 deg. more** : 
114 fathoms still deeper, or 1 deg. in 64.2 feet. 

Although this would indicate an increase to ascertain depth of about 'one- 
degree in every fifty feet, yet it wouldappear that the rate of increase diminishes 
with the depth. It appears therefore probable, that the heat of the earth, so far 
as man can examine it, is due to the absorption of the solar rays by the surface. 
The evidences of intense igneous action at a great depth cannot be denied, but 
the doctrine of a cooling mass, and of the existence of an incandescent mass, at the - 
earth's centre, remains but one of those guesses which active minds delight in." 

Upon the subject of hunger zn&thirst, by whioh living creatures are prompted 
to feast upon the bounties of nature, Sir Charles Bell says, in "Appendix to 
Paley's Natural Theology :"— 

1337. "Hunger is defined to be a peculiar sensation experienced in the stomach 
from a deficiency of food. Such a definition does not greatly differ from the 
notions of those who referred the sense of hunger to the mechanical action of 
the surfaces of the stomach upon each other, or to a threatening of chemical 
action of the gastric juice on the stomach itself. But an empty stomach does 
not cause hunger. On the contrary, the time when the meal has passed the 
stomach is the nest suited for exercise, and when there is the greatest alacrity, 
of spirits The beast of prey feeds at long intervals ; the snake and other cold- 
blooded animals take food after intervals of days or weeks. A horse, on the con- 
trary, is always feeding. His stomach, at most, contains about four gallons, yet 
throw before him a truss of tares or lucerne, and he will eat continually. The 
emptyingof the stomach cannot, therefore, be the cause of hunger. 

" The natural appetite is a sensation related to the general condition of the 
system, and not simply referable to the state of the stomach; neither to its 
action, nor its emptiness, nor the acidity of its contents ; nor in a starved 
creature will a full stomach satisfy the desire of food. Under the same impulse 
which makes us swallow, the ruminating animal draws the morsel from its own- 
stomach. 

1338. " Hunger is well illustrated by thirst. Suppose we take the definition of 
thirst— that it is a sense of dryness and constriction in the back part of the mouth 
and fauces ; the moistening of these parts will not allay thirst after much fatigue 
or during fever. In making along speech, if a man's mouth is parched, and the 
dryness is merely from speaking, it will be relieved by moistening, but if it 
comes from the feverish anxiety and excitement attending a public exhibition, 
his thirst will not be so removed. The question, as it regards thirst, was brought 
td a demonstration' by the following circumstance. A man having a wound low 
down in his throat, was tortured with thirst : but no quantity of fluid passing 
through his mouth and gullet, and escaping by the wound, was found in any 
degree to quench his thirst. 

" Thirst, then, like hunger, has relation to the general condition of the animal 
system— to the necessity for fluid in the circulation: - For this reason, a manuring 
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'Let us hear the conclusion of the whole matter; Pear God, and keep his 
commandments: for this Is the whole duty of man."— Ecclesiastes xii. 



from loss of blood suffers under intolerable thirst. In both thirst and hunger, 
the supply is obtained through the gratification of an appetite ; and as to these 
appetites, it will be acknowledged that the pleasures resulting from them far 
exceed the pains. They gently solicit for the wants of the body ; they are the 
perpetual motive and spring to action." 



Our task draws near to a conclusion ; and we hope that those 
who have followed our teachings will thirst after farther know- 
ledge ; that they will henceforward regard the great Book of 
Nature as the work of an Almighty Hand, and endeavour to find, 
for everything that Nature does, the Season Why, 

A high perception of the wisdom of the Divine Being, must, 
necessarily be the result of an intelligent contemplation of the 
Divine works. To the ignorant, the name of God is an unmeaning 
word ; it may inspire fear, but it does not develope love. To the 
dark mind of the untaught man, God is no more than one of those 
mysterious existences that awe the superstitious, and deter the 
wicked. There is no grafting of the soul of the man upon the 
eternal love. But knowledge brings man into communion with that 
Almighty wisdom which is the fountain of all truth and happiness. 
To the enlightened man, God is the sun of all goodness, around 
whom the attributes of Power, Wisdom, and Love, radiate and fill 
the universe. As man's physical eye cannot withstand the light of 
the sun, neither can man's spiritual eye see the whole glory of God. 
But as we can rejoice in the sunshine, and interpret the mission of 
the sunbeam, so can we find happiness in the Divine presence, and 
gather wisdom by the contemplation of the Creator's works. 

Nature is a great teacher. What a lesson may be gathered from 
the germination of a seed ; how uniformly the germs obey their 
destiny. However carelessly a seed may be set in the ground, the 
germ which forms the root, and that which is the architect of the 
stem, will seek their way — the one to light, the other to darkness — 
to fulfil their duty. The obstruction of granite rocks, cannot force 
the rootlet upward, nor drive the leaflet down. They may kill the 
germs by exhausting their vital powers in an endeavour to find the 
proper elements ; but no obstruction can make a single blade of 
grass do aught but strive to fulfil the end for which it was created. 
Would that man were equally true to the purpose of his existence, 
and suffered neither the rocks of selfishness, nor the false light of 
temptation, to force or allure him from duty to his God. 
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